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| ®TRAP-DRI 


now better than ever with 
new BALANCED BLEND 


of finest desiccants 


Perfect proportion means perfect protection 
against corrosive acids ... moisture... dirt 
New, improved A-P Model 410 Trap-Dri eliminates 
moisture and acids completely with its balanced blend 
of PA 400 silica gel and molecular sieve desiccants. 
Both hazards are adsorbed physically with no release 
of any substance to refrigerant circuit. High reserve 
capacity, low pressure drop, noncorrosive and nondusting 
characteristics are qualities unmatched by any other 
desiccants. Trap-Dri is a filter too! Exclusive depth 
filtration removes all foreign material with no appreci- 
able pressure drop. 

Trap-Dri adds years of profitable, trouble-free per- 
formance . . . greater guarantee of safety to any refrig- 
eration system. It is available with solder or flare type 
connections, 13 to 71% ton capacties. Write today for 
complete data. 


ECONOMY MODEL 414 JET-DRI (DRIER) 
removes and prevents formation of harmful acids 
that corrode iron, copper, brass and aluminum. 
Constructed with brass fittings (1/;" S.A.E. male 
flare connections). Flow in either direction. Silica 
gel desiccant only. 
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MODEL 408 TRAP-IT FILTER has many times 
the filtering and absorbing area of ordinary filter. 
Three sizes: Ys or ¥%”" fittings on the regular and 
large sizes and %, 2 or 34” on the extra large. 
S.A.E. male flare connections. 














DEPTH FILTRATION 
heads off all dirt and 
desiccant. Exclusive cot- 
ton bobbin provides 
depth filtration (not sur- 
face) which removes par- 
ticles of sediment as 
small as 5 microns. 


RIGHT COMBINATION of 
PA 400 and molecular sieve 
desiccants completely adsorbs 
moisture at relatively high 
temperatures. Besides remov- 
ing acid-forming moisture, 
blend also eliminates acid 
already present in system. 


PLASTIC CAPS are her- 
metically ‘‘factory-sealed"’ 
to keep out all moisture 
and dirt before installation. 
Cap locks tightly against 
both the end opening of 
the drier and the outer 
surface of the connections, 
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SACRED COWS OF SCIENCE 


Returning from the ASHRAE annual meeting at Lake Placid, with 
its heavy schedule of technical and committee meetings, con. 
ferences, forums and related papers and discussions, offers thought. 
provoking retrospects. Such meetings are only parts of a broad 
pattern of similar efforts to improve and strengthen fundamental 
and practical knowledge in many branches of our highly technical 
civilization. But contemplate the aggregate outpourings of words 
and ideas. Someone was quoted the other day as having estimated 
that the sums of man’s stores of information double every 15 
years. An appalling thought. 


How will even the most dedicated specialists keep pace with 
such a flood? Eventually, will not anyone who knows anything at 
all about a subject literally be pushed into the corner of inescapable 
over-specialization and consequent ignorance—if not unawareness 
—of the rest of the world and of other aspects of his chosen 
profession? So much to know, so little time to absorb it and a scant 
measure of eternity in which to hope to apply it. Today, a man 
with a newly won Ph.D. has hardly 10 years before he age-wise 
becomes a doubtful employable for many employers. Shall we not 
become all but hopelessly bogged down in inundating oceans of 
facts just as motor traffic is doomed apparently to strangle in 
increasing millions of automobiles and the impossibility of building 
city streets and highways fast enough to accommodate them? 


Our alarms are more apparent than real. 


For, as a conscientious editor, we recognize the problem— 
so far as published material is concerned—to be an opportunity 
and challenge in selectivity and effectiveness. The flood of facts 
must be dammed for storage somewhere for the record, lest it be 
subjected to the necessity of redeterminations upon later occasions 
Our great public libraries are so badly pushed by it all that many 
volumes perhaps deserving more active availability are achieving 
warehouse status at the same time that special libraries to serve 
only specific divisions of informational references are being created. 


What we really question is the worthwhileness of at least 
some of the research projects and expenditures that lead to this 
food of facts. Learning need not be an end unto itself. The goal 
should be usable facts and let posterity take care of its own need& 
That does not mean we feel that anyone is wise enough to determine 
absolutely what is or is not a useful fact. Perhaps our closeness @ 
engineering makes us find that field less vulnerable to such criticism 
than some others but we would pretend to no hesitancy in a race 
to cite numerous delvings into obscurity that have led to no more 


than volumes of erudite nonsense. 
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Late news highlights 


At a 4-day Refrigeration and Air Conditioning Conference, July 13-16, at 
Wright-Patterson Air Force Base, Dayton, Ohio, the U.S. Air Force provided 
an intensive indoctrination program. Speakers included President A. J. Hess 
of ASHRAE, President Paul M. Augenstein of the Airtemp Div, Chrysler 
Corporation, Chief Engineer F. J. Reed of the Air Conditioning and Refrig- 
eration Institute and various industry authorities upon specialized phases of 
such activities. Specific topics included standards, heat pumps, p wom Am 
systems, centrifugal refrigeration, servicing programs at techniques, pre- 
ventive maintenance, components, controls and several forums. Project officer 
for the Conference was William T. Smith, Chief of the Refrigeration and Air 
Conditioning Section of the U.S. Air Force. 


“Scientists make it known, but engineers make it work” is the theme of a 
series of public service advertisements by Engineers Joint Council designed 
to create desirable understanding of engineers and engineering by printed 
media, radio and television, public officials, organizations ial advertising 
agencies. It is — the ads will help news writers and editors to present a 
better picture of the engineer and what he does, and also to clear up existing 
confusion between the terms “scientists” and “engineers.” 


“Directory of Certified Unitary Air Conditioners,” July edition, provides ARI 
rating data on 1,611 models, representing products of 41 of the 47 manu- 
facturers participating in the Unitary Air Conditioner Certification Program. 
The next edition will be published October 1. Copies are available from 
the Air Conditioning and Refrigeration Institute, 1346 Connecticut Avenue, 
N.W., Washington 6, D. C. 


Over 83% of the estimated 39,000 June engineering graduates had completed 
plans for post-graduation activities a month before graduation, a survey by 
the Engineering Manpower Commission disclosed. Specifically, the plans 
were: 63.3%, immediate employment; 10.9%, post graduate studies; 8.4%, 
military service. An additional 11.7% were considering job offers or had other 
definite plans; by the third week in May only 5.7% had no immediate plans 
for the future following graduation. 


The Electric Space Heating and Air Conditioning Committee of Edison 
Electric Institute has issued a report, “Weather Data for Humidity Control 
Air Conditioning,” which compiles weather data for various areas of the 
nation. Figures are included for both heating and cooling seasons, showing 
average mean temperatures, dewpoint, humidity, etc. Copies of the 32-page 
report are available from Edison Electric Institute, 750 Third Avenue, New 
York 17, N. Y., at $1.50 for EEI non-members. 


At the request of the Bureau of the Budget, the National Science Foundation 
will establish and maintain a program of national information on scientific 
and technical personnel on behalf of interested Federal agencies. Among the 
projects this program will undertake are: identification of scientific and tech- 
nical occupations; pool of scientific and technical personnel; and a periodic 
study of the demand outlook for various categories of scientific and technical 
personnel in each major activity. 


A total of 4,395 new members joined the National Society of Professional 
Engineers from February 1 to June 1; this is cited as the largest increase in 
membership in the Society's history. 


More than 5% million American homes now have some form of summer air 
conditioning — an increase of three quarters of a million in the past year —a 
Carrier Corp. survey reveals. Texas, New York and Washington, D. C., lead 
the country with one out of every four completely or partially air conditioned 
homes located within these states and the capitol city. 
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Aluminum alloys and design techniques are now available to meet virtually 
every operating condition, according to Aluminum Company of America, and 
three major manufacturers are currently field testing units equipped with all- 
aluminum coils. Alcoa disclosed that controlled service tests of various alumi- 
num designs in evaporator and wet condenser coils, made in extremely cor- 
rosive environments, have shown that properly designed coils will perform 
well. A further development announced by Alcoa is a zine soldering process 
for joining aluminum to itself or to other metals. 


First of the new multi-subject conferences sponsored by the Building Research 
Institute of the National Academy of Sciences-National Research Council will 
be held in Washington, D. C., November 16-19. Sessions on sandwich panel 
design and architectural metal curtain walls are among those scheduled. 


“A Summary of Engineering Research, 1957-1958,” published by the Uni- 
versity of Illinois Engineering Experiment Station, Urbana, Ill., contains 
information on engineering research at the University, the people engaged in 
individual projects and publications which have grown out of this research 
during the period from July 1, 1957, to July 1, 1958. 


Information accumulated by the Army Quartermaster Corps during its first 
four years of research into the use of ionizing radiation for preservation of 
food is available in the book, Radiation Preservation of Food. Although many 
of the data have appeared in technical journals, some of the most important 
findings were drawn from unpublished Government reports, files and technical 
papers. The 475-page volume includes chapters on the physical, chemical, 
biological and technological aspects of the process. (Office of Technical Serv- 
ices, U.S. Department of Commerce, Washington 25, D.C., price $5.) 


96% of new apartments in Manhattan are air conditioned, a study conducted 
by Hudik-Ross, Inc., reveals. Of the 58 buildings completed this year or now 
under way, 51 are equipped with through-the-wall units, 5 have central sys- 
tems and only 2 do not contain cooling equipment although they do provide 
special air conditioning outlets. 


Approximately 70% of members of the National Commercial Refrigerator 
Sales Association are dissatisfied with the five-year warranty and advocate 
a return to the one-year warranty period, a survey undertaken by the NCRSA 
Board of Directors reveals. Excessive details and losses incurred by members 
are primary complaints cited. 


Potato Processing by William F. Talburt and Ora Smith in collaboration with 
a group of specialists covers various phases of potato processing, including 
detailed descriptions of processing procedures for most types of frozen, de- 
hydrated and canned products; a complete discussion of raw material storage 
problems; methods for selection of potatoes for processing; a thorough treat- 
ment of storage diseases; and an evaluation of major potato varieties. (AVI 
Publishing Company, Inc., Westport, Conn., 475 pages.) 


First professional chair to be endowed at the School of Business Administra- 
tion of the American University, Washington, D. C., the Whirlpool Chair of 
Marketing has been established through a grant from Whirlpool Corporation. 
Purpose of the chair is to conduct research into problems and trends in mar- 
keting and to make special studies of the home appliance industry. 


Design studies to test the feasibility of thermoelectric heating and cooling in 
shipboard air conditioning will be undertaken by Carrier Corporation under a 
contract from the U.S. Navy. Successful completion of the 18-month program, 
which will contemplate preliminary design and analysis, could lead to a large- 
scale development of thermoelectric heat pumps, according to Dr. J. F. Downie 
Smith, research and development vice president of Carrier. 
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Suppression of oscillations 


in gas-fired residential heating equipment 


Oscillations, as differentiated trom 
vibrations and other noise sources”*, 
have preoccupied manufacturers, 
installers, and users of residential 
heating equipment for many years. 
Through experience gained by trial 
and error, a number of different 
suppression techniques have been 
found which are effective in some, 
but not all, circumstances. Lack of 
understanding of the causes of os- 
cillations forestalled understanding 
the reasons for the uncertainty of 
success of the suppression tech- 
niques. The entire oscillation prob- 
lem has been further aggravated in 
recent years by the use of smaller, 
more compact heating units placed 
nearer to the living quarters of 
residences. Also, people in general 
have become more noise conscious. 
In the light of these develop- 
ments, a research program jointly 
sponsored by the American Society 
of Heating and Air-Conditioning 
Engineers, Inc., the American Gas 
Association, and the Oil-Heat In- 
stitute of America, Inc., was ini- 
tiated at Battelle Memorial Insti- 
tute in 1954, to study the funda- 
mental causes and methods of sup- 
pressing oscillations and pulsations 
* Other noise sources might include random 
flame noise, panel vibrations, vibrations of 
internal elements due to vortex shedding from 
rp edges, start-up and shut-down noise, 
ignition spark amplifications, and the like. 
i8 paper deals only with combustion-driven 
oscillations. 


C, F. Speich is Principal Mechanical Engineer, 
A. A. Putnam is Division Consultant, both at 
the Battelle Memorial Institute. Thies paper, 
an abridgement of the original version which 
Was prepared for inclusion in the Transactions 
of ASHRAE, was presented by title at the 
ASHRAE annual meeting, Lake Placid, N. Y., 
June 22-24, 1959, 


AUGUST 1959 





in both gas- and oil-fired residen- 
tial heating equipment. 

The original of this paper is 
the fifth in a series of reports’:?* 
on the results of the research pro- 
gram. Techniques for the suppres- 
sion of oscillations in gas-fired heat- 
ing equipment utilizing burners of 
both single- and multiple-port type 
are first outlined in simplified form 
for ready reference. Since the 
mechanisms of oscillation for each 
type of burner unit differ, the re- 
mainder of the paper has been di- 
vided into two sections, one de- 
voted to each type of burner. Each 
section includes a brief summary 
of the mechanism of oscillation, 
and outlines in limited detail the 
techniques that can be used to 
suppress oscillations. 


SUPPRESSION PROCEDURES 


The sciences of combustion phys- 
ics and heat transfer are closely 
connected with the design of gas- 
fired heating equipment. When os- 
cillations occur in these units, it 
must be realized that a third sci- 
ence, namely acoustics, also enters 
into the problem. In the past, when 
objectionable oscillations occurred, 
frequent resort was made to change 


C. F. SPEICH 





A. A. PUTNAM 


some of the variables affecting the 
combustion process in an attempt 
to suppress the oscillations. Un- 
knowingly, these changes also af- 
fected the acoustic behavior of the 
heating unit. However, since these 
acoustic characteristics were un- 
known, the trial-and-error methods 
of suppressing oscillations were not 
always effective on a consistent 
basis. 

This paper concentrates on the 
acoustic aspects of the combustion 
oscillation problem. Therefore, it 
is felt that designers, installers, and 
service representatives should all 
find information which will be help- 
ful in accomplishing the suppres- 
sion or elimination of oscillations 
in gas-fired heating equipment. It 
is realized that not all of the meth- 
ods suggested will be practical 
from the standpoint of the com- 
bustion and heat transfer specifi- 
cations which must be met for a 
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Table Ia Factors affecting oscillation amplitude for single-port burner units 


specific unit; compromises must be 
made. Identification of methods 
of oscillation suppression best suit- 
ed for specific units are avoided 
here in preference to outlining the 
general methods useful in design- 
ing or modifying a large number 
of different units. 

To make maximum use of the 
suppression techniques outlined 
herein, it is necessary to know how 
near the normal furnace operating 
conditicns are to those operating 
conditions for which the maximum 
amplitudes of oscillation occur. For 
single-port units, it will generally 
be sufficient to know whether the 
existing oscillating frequency is less 
than or greater than the resonant 
frequency of the furnace. 

For multiple-port units, one 
may picture a relief map of inter- 
mixed flat-topped hills and valleys 
where the hills represent oscillat- 
ing regions and the valleys, non- 
oscillating regions. The normal op- 
erating conditions of a specific 
unit will place it somewhere on the 
hypothetical map. If at these oper- 
ating conditions the unit is found 
to be on one of the hills and thus 
found to oscillate, then it is obvious 
that ways must be found to get 
down into a valley. It is apparent, 
however, that the relative loca- 
tions of these hills and valleys dic- 
tate the appropriate means of 
reaching a valley. As is shown in 
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the original version of this paper, 
the most practical means of find- 
ing the location of these hills and 
valleys is to conduct experimental 
tests on a particular arrangement 
of burner face at the port level and 
to determine how extensive a 
change in one or several variables 
is required to stay out of oscilla- 
tion. 

Tables Ia and Ib present for 
both single- and _ multiple-port 
burner units a summary of all of 
those variables which have been 
found (1) to affect the oscillation 
amplitude or (2) to have little’ or 
no effect on the amplitude. For 
these tables, it is assumed that 
when one variable is changed, all 
others are held constant. As can be 
seen in the table for single-port 
burner units, the effect of chang- 
ing the variables will depend on 
whether the observed frequency of 
oscillation is less than or greater 
than the resonant frequency of the 
heating unit. It should be possible 
to ascertain the relative value of 
the observed frequency with re- 
spect to the resonant frequency by 
noticing what effect each variable 
would have on the amplitude of 
oscillation. 


For the multiple-port burner 
units, it should be emphasized that 
the effects from changes in the sev- 
eral variables hold on the average 
for a large number of units. Any 


specific unit may react in just the 
opposite manner. Thus, the need 
for knowing where the operating 
conditions are with respect to those 
of the oscillating regions is made 
doubly important. 

For a more complete under- 
standing of the suppression tech- 
niques described in the table, a list 
of applicable references is given in 
the right-hand column. These ref- 
erences are the significant publica- 
tions resulting from this over-all 
research program. The remaining 
sections of this paper review briefly 
the essential features of the re- 
search results that have been pre- 
sented in considerable detail in the 
referenced publications. 


SINGLE-PORT UNITS 


Results of the preliminary inves- 
tigations and a detailed discus- 
sion of the proposed mechanism of 
oscillation of single-port burners 
have been presented in two of the 
previous papers of this series'*. In 
essence, the mechanism which has 
been proposed states that there are 
two phenomena involved in the 
generation of the oscillations. These 
are (1) an aerodynamic vortex- 
shedding from the lip of the burner 
port and (2) a periodic pressure 0s- 
cillation in the combustion cham- 
ber, with a frequency close to the 
resonant frequency of the chamber. 
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Table Ib Factors affecting oscillation amplitude for multiple-port burner units 


The vortex-shedding produces a pe- 
riodic variation in the rate of heat 
release of the flame. 

It is the coupling between the 
rate of heat release and the pres- 
sure oscillation which determines 
the amplitude, and to a small ex- 
tent, the frequency of the oscilla- 
tion. The difference between the 
vortex-shedding frequency and the 
frequency of the pressure oscilla- 
tion determines the extent of this 
coupling. If this frequency differ- 
ence is small, the oscillation will 
lock in together, only one frequency 
of oscillation will occur, and the 
amplitude of oscillation will be 
high. If, on the other hand, this 
difference in frequency is large, 
the amplitude will be small espe- 
cially if the frequency of vortex- 
shedding is the lesser of the two 
frequencies. 

Fig. 1 shows the correlation 
obtained using data from one 
burner of constant port diameter 
external to the furnace. In this cor- 
relation, the Strouhal number is 
plotted against the Reynold’s num- 
ber. Strouhal number, often used 
in studies of vortex-shedding phe- 
nomena, is defined as the product 
of the vortex-shedding frequency 
and the burner-port diameter di- 
vided by the average velocity of 
the combustible gases through the 
burner port. The Reynold’s num- 
ber, defined as the ratio of the in- 
ertial forces to the viscous forces 
of the gases, is commonly written 
as the product of the average ve- 
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locity of the combustible gases 
through the burner port and the 
burner-port diameter divided by 
the kinematic viscosity of the gases. 

The fact that the correlation 
between the Strouhal and Revn- 
old’s numbers was good when the 
burner was external to the furnace 
indicates that the vortex-shedding 
is of an aerodynamic origin rather 
than a result of some acoustical 
effect related to the combined 
burner-furnace space configuration. 
Thus, the normal frequency of the 
vortex-shedding is dependent only 
on the design geometry and flow 


conditions at the burner lip. 


SUPPRESSING OSCILLATIONS 


Suppression of the oscillations in 
single-port burner heating units de- 
pends on the ability to decrease the 
coupling effects bétween the rate 


Fig. 1 Firing rates for the 
single-port burner external 
to the experimental burner 


Firing rote, 
Btu per hr 


96,000 
117,000 
128,000 
191,000 


Strouhal Number ee) 





$000 4000 6000 8000 10,000 20,000 


Reynolds Number a 


of heat release and the pressure 
oscillation. Basically, this can be 
accomplished by increasing the dif- 
ference in frequency between the 
two phenomena. 


Changing the average port velocity 
—Using the data from Fig. 1 and 
assuming that the kinematic vis- 
cosity of the gases and the burner- 
port diameter are constant, it can 
be shown that the frequency of 
vortex-shedding varies directly with 
the average velocity of the gases 
passing through the burner port. 
If, for an example, a heating unit 
is considered to produce objection- 
able oscillations when the fre- 
quency of vortex-shedding is less 
than the resonant frequency of the 
heating unit, then increases in the 
average port velocity will cause an 
increase in the amplitude of oscil- 
lation. 

These increases in oscillation 
amplitude will continue until the 
frequency of vortex-shedding ex- 
ceeds the resonant frequency of the 
unit. Further increases in the vor- 
tex-shedding frequency will cause 
a general decrease in the ampli- 
tude of oscillation. As a general 
rule, it can be said that oscillation 
suppression can be achieved by 
making changes in the average port 
velocity causing the difference be- 
tween the vortex-shedding and the 
resonant frequencies to increase. 


Changing the burner-port diameter 
—Since each of the dimensionless 
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ratios used in the correlation de- 
picted by Fig. 1 have as one term 
the burner- -port diameter, it would 
be expected that changes in this 
diameter would affect the fre- 
quency of the vortex-shedding. 
However, the 1:1 slope of the lower 
line drawn through the data on 
Fig. 1 means that when the two 
terms are equated, the diameter 
term cancels out. 

Since it is volume rate of flow 
of the combustible gases issuing 
from the burner which is of major 
concern to burner design, this vol- 
ume rate of flow can be substituted 
for the average burner-port velocity 
when equating the two dimension- 
less terms. This substitution re- 
enters the burner-port-diameter 
term, taken to the fourth power, 
into the resulting equation. With 
the equation in this form, and the 
volume rate of flow kept constant, 
it is found that the frequency of 
vortex-shedding will vary inversely 
as the fourth power of the burner- 
port diameter. 


It should be realized that 
changes in burner-port diameter 
will also change the average ve- 
locity of the gases leaving the 
burner port. If the diameter is in- 
creased, both the frequency and 
flow velocity will decrease. How- 
ever, as a complication, the flash- 
back and blow-off limits will both 
be changed by these modifications 
in burner-port diameter and flow 
velocity. It may be necessary to 
change the volume flow rate or the 
mixture ratio, or both in order to 
attain satisfactory combustion con- 
ditions. 


As part of this investigation, 
several experimental burners were 
built which had port diameters dif- 
ferent from that of the single-port 
burner generally used in these 
studies. These studies did show 
that oscillation suppression could 
result from diameter changes. 


Altering vortex- -shedding character- 
istics — Changes in the burner lip 
that alter the type of vortices shed 
were also expected to alter the am- 
plitude of oscillation. For instance, 
a burner with a spiral lip of the 
proper advance might cause the 
vortices to shed continuously. Other 
configurations might cause the vor- 
tices to shed irregularly, thus pre- 
venting a periodic heat release. 
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The breaking up of the large vor- 
tices into smaller ones is still an- 
other possible means of reducing 
the amplitude of oscillation. Small 
vortices not only tend to decay 
faster than larger ones, but tend to 
cancel each other. This last type 
of configuration was found to be 
quite effective in reducing the 
amplitude of oscillation. 


Effect of furnace volume changes 
— As indicated previously, the am- 
plitude of the pressure oscillation 
is related to the closeness of the 
natural vortex-shedding frequency 
to the resonant frequency of the 
heating unit. Thus, reductions in 
amplitude should be possible not 
only by changing the frequency of 
the vortex- shedding away from the 
furnace frequency, but also by 
changing the resonant frequency 
of the heating unit away from the 
vortex-shedding frequency. Since 
the resonant frequency of the heat- 
ing unit is a function of its volume 
and internal configuration, decreas- 
ing the volume will increase the 
resonant frequency of the unit. 
Thus, changes in unit volume can 
be used as a means of increasing 
the difference in the two frequen- 
cies. 


MULTIPLE-PORT UNITS 


Multiple-port, ribbon, or slot burn- 
ers differ from single-port burners 
in the manner in which the oscilla- 
tions are driven. The difference is 
that vortex-shedding is not involved, 
Rather, the periodic heat-release 
rate necessary for driving results 
from a pulsation of the supply of 
the mixture of fuel gas and primary 
air to the flame. This means by 
which combustion oscillations may 
occur has been long recognized, 
but only recently, in two previous 
papers of this series,’** has it been 
associated with the multiple-port 
type of burner used in residential 
heating units. 

There are three furnace-burner 
variables which determine the pres- 
ence of oscillations in multiple-port 
burner heating units. These are 
(1) the natural frequency of the 
burner, (2) the natural frequency 
of the heating unit, and (3) the 
length of time, called the time lag, 
needed for the combustible gases 
to pass from the burner-port level 
to an average region of combustion 
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(b) With Damping 
Fig. 2 Regions of pulsation 
in simple multi-port burner 


in the flame. Using a mathematical 
treatment, such as shown in Ref- 
erence 3, it is possible to relate 
these variables to predict regions 
of oscillation alternating with re- 
gions of non-oscillation. On the 
basis of the most simplified mathe- 
matical analysis, there are an in- 
finite number of these regions, but 
in practice the number is limited 
to only a few. 


Fig. 2a indicates this type of 
array for the simple theory. The 
symbols used are defined as fol- 
lows: 

v natural frequency of heating 
unit 

time lag 
v» natural frequency of burner 
9 measure of the ratio of flame 

height to the distance of the 

flame base above the burner- 

port level 
The button-shaped flame is a theo- 
retical concept which depicts the 
flame as being infinitesimally thin 
and flat. Deviations from this flame 
shape to one of the form of a wedge 
or cone will alter the regions in 
which oscillations can occur. An 
example is shown by the bar graphs 
to the right of the figure. 

When acoustic damping occurs, 
the regions of oscillation are also 
decreased as shown in Fig. 2b. 
Damping occurs from friction in 
the system or acoustic radiation 
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from the system and represents a 
means of taking energy out of the 
oscillating system. 


Fig. 2 is not the most advan- 
tageous array to use to determine 
the oscillating regions of a spe- 
cific unit. This arises because of the 
difficulty of calculating accurate 
values of time lag. As defined in 
Reference 3, the time lag is a func- 
tion of, among other things, the 
flame speed and dark space for the 
fuel-air mixtures used in the com- 
bustion process. There are not 
enough published data on these 
items available to permit compu- 
tation of accurate values of the 
time lag. Therefore, a procedure 
has been devised by which the 
problem of the calculation of 
time lag has been circumvented. 
The aim of this procedure is to 
produce a set of curves of the 
changeover lines corresponding to 
the horizontal lines of Fig. 2, but 
in terms of firing rate, mixture 
ratio, and observed frequency of 
oscillation. The ratio of observed 
frequency to burner frequency 
would determine which of the al- 
ternating regions would be prone 
to cause oscillation. 

In this procedure, it is sug- 
gested that a series of investigations 
be made using one design of burner- 
port level and a number of differ- 
ent sized burner bodies and differ- 
ent lengths of heat-exchanger sec- 
tions in order to obtain a range of 
burner and heat exchanger natural 
frequencies. It should be empha- 
sized that the frequency is the im- 
portant factor and exchangers built 
up of available components or flat 
plates are sufficient. 


Two techniques are outlined 
in the original version of this paper 
by which the data may be ana- 
lyzed. In the first, the mixture ratio 
is held constant and the firing rate 
varied. As the firing rate is in- 
creased in small steps, the ranges 
of oscillation and corresponding 
frequencies are recorded. The re- 
ciprocal of the frequency is plotted 
against the reciprocal of the pri- 
mary gas-flow rate, for each set of 
data. 

In the second method of han- 
dling the data, attention is focused 
on one small increment of fre- 
quency, given by the fundamental 
mode of one heat exchanger and 
possibly higher modes of larger 
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exchangers. Firing rate is held 
constant for each run, and mixture 
ratio varied. Whether or not oscil- 
lations occur at a series of closely 
spaced points is determined and 
indicated on a plot of per cent 
theoretical primary air as a func- 
tion of volume flow rate of primary 
mixture. 

These methods will establish 
the locations of regions of oscilla- 
tion and non-oscillation in terms of 
easily measured furnace and burner 
variables. 

Using this basic information, 
estimates can then be made as to 
the vulnerability to oscillation of 
a new heating unit design with this 
same arrangement of burner face 
at the port level. In the case of 
other units where oscillation prob- 
lems exist, estimates can be made 
of the necessary changes required 
to produce a substantially oscilla- 
tion-free unit. 


CONCLUSIONS 


With most research programs, the 
answering of one set of questions 
often leads to the asking of a host 
of others. This has been true in 
this program. It is felt that there 
are at least two items related to 
single-port burners brought to light 
in this program which require fur- 
ther study. One of these is the 
physical mechanism by which the 
vortices are shed from the burner 
port lip. At the same time, the 
variation of the vortex-shedding 
frequency with burner-port diame- 
ter, configuration, and flow velocity 
should be studied more extensively 
than was done during this pro- 
gram. This information would be 
valuable to the designer of burn- 
ers, not only in determining more 
completely what designs would 
have the least chance of producing 
objectionable oscillation, but also 
in leading to a general understand- 
ing of rates of heat transfer and 
mixing associated with such burn- 
ers even when combustion -driven 
oscillations are not present. 

A second program of interest 
for single-port burner heating units 
would be to study in more detail 
the coupling effect between the 
periodic variation in heat release 
and the pressure oscillations. In- 
cluded in this investigation should 
be an intensive study of the feed- 
back effect which is hypothesized 


as being the triggering mechanism 
needed to sustain the vortex-shed- 
ding. It is believed that if this 
coupling effect were better under- 
stood, more suppression techniques 
might well be brought to light. 

It would appear that, from 
other than an academic standpoint, 
further basic research on multiple- 
port units would net be particu- 
larly profitable at present. It would 
be of greater benefit to start com- 
piling information systematically on 
various arrangements of burner 
face at the port level and the con- 
ditions under which they oscillate, 
in order to arrive at a practical set 
of data which would give a de- 
signer a feeling for the actual 
changes that result from various 
changes in operating parameters. 
This follows from the fact that so 
many variables are involved, values 
of which are not exactly known, 
and from the fact that the theory 
is reaching a stage of complication 
where further elaboration results 
in a marginal return. 
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on lubrication in Refrigerant-12 systems 
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Finding a solution to the problem 
of which flow conditions for Re- 
frigerant-12 lines should be recom- 
mended to the student of system 
design proved to involve not a 
clarification of existing reference 
material, as was expected, but en- 
tirely new experimental research. 
Correspondence with the authors 
of the reference material already 
published on recommended flow 
conditions proved little help in the 
solution of the teaching problem, 
as in most cases the data were 
based on “field experience” rather 
than on research. 

Experimentally, it was found 
that certain of the assumptions 
based on field experience were not 
necessarily true. In one case, for 
example, observations had been 
made through a transparent sec- 
tion placed in a vertical riser. If 
the oil' ripples along the surface 
of this transparent section appeared 
to move upward it was inferred 
that the oil was traveling upward, 
while if the ripples were moving 
downward it was assumed that oil 
was accumulating at the bottom of 
the riser. This was shown by ex- 
periment to be an inaccurate as- 
sumption, and indicated a need for 
further research. 

A preliminary examination was 
1The refrigerant-oil solution will be referred 
to as “oil’’ although it is realized that this 


solution contains a large percentage of refrig- 
erant. 
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results reported herein. 


then made of the danger of oil set- 
tling in the discharge line or suc- 
tion line. To do this balanced, 
sighted gauges (as shown in Fig. 
1) were placed in horizontal runs 
at the bottom of suction and dis- 
charge risers. If the vapor velocity 
could be considered to be the cri- 
teria, then the danger of oil settling 
in the suction line appeared to be 
greater than the settling of oil in 
the discharge line. Our studies 
have therefore been confined to the 
suction line. 

Further investigation using the 
balanced gauge method of testing 
showed that the shape of the fitting 
at the bottom of the riser was one 
of the most important factors in 
avoiding oil accumulation. At low 
vapor velocity there was consider- 
able settling in the horizontal run 
if a long turn ell were used. This 
accumulation was greatly reduced 
by the use of a short turn ell. 
Finally, there was no accumula- 
tion at all, when a “P shaped trap,” 
constructed as shown in Fig. 2,? 
was used at the bottom of the riser 
at any vapor velocity which we 
were able to test. Our results could 
not be explained from previously 
published literature so we decided 
that a study using transparent fit- 
tings and lines was in order. One 
of these studies has been completed 
and the other is still in progress. 


2 Hereafter a ‘‘P shaped trap” will be referred 
to simply as an “oil trap.” 


System design courses encounter difficulties with the flow 
of refrigerant-oil solution through Refrigerant-12 lines. 
Diverse recommendations make the problem one of de- 
termining which flow conditions should be taught. For 
example, when studying oil travel accompanying Refrig- 
erant-12 vapor flowing upward in a vertical suction line 
one recommendation was for a minimum vapor velocity 
of 600 fpm; while another was for 1500 fpm. Large dif- 
ferences also exist in recommended flow conditions for 
horizontal lines. As none of these references cited experi- 
mental data, research was undertaken by the author, with 





I In the first study, an oil trap 
was constructed of extra-strong 
Pyrex glass with dimensions as 
shown in Fig. 3. The horizontal 
and vertical legs were of sufficient 
length to observe the horizontal 
and vertical oil flow patterns. This 
trap was installed in the suction 
line of a 3 hp Refrigerant-12 sys- 
tem as shown in Fig. 4. 

The compressor operated at 
about 1730 rpm during all tests. 
Its lubrication was partially forced 
feed and partially splash. It had 
small narrow counterbalances on 
the crankshaft which did not cause 
excessive splash. It was factory 
equipped with a suction line 
strainer with a small internal port 
and check valve arrangement to 
allow the oil to return to the crank- 
case. A napthene base lubricating 
oil of 300 SSU viscosity was used. 


The system used a direct ex- 
pansion coil as an evaporator. The 
suction pressure at the coil was 
approximately 50 psia (38 F) and 
the superheat leaving the coil was 
approximately 9 F during all tests. 
Capacity regulation was achieved 
by throttling the air quantity 
through the fin coil evaporator, and 
the returning suction vapor with 
the suction service valve on the 
compressor. No discharge line oil 
separator nor liquid to suction line 
heat exchanger was used. 


Two lengths of suction risers 
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Fig.1 Balanced sight gauge 


Fig. 4 Test sys- 
tem as set up for 
study of the per- 
formance of the 
P-trap 


were used: 12 ft 6 in. and 3 ft 0 in. 
Both risers were constructed of 
1%-in. OD type L copper tubing. 
The glass oil trap at the bottom of 
the riser had an inside diameter of 
1.0 in. Its other dimensions are 
shown in Fig. 3. 

Four sets of photographic 
studies of the transparent oil trap 
were made as follows: (1) with a 
vapor velocity slightly above 600 
fpm using the 12 ft 6 in. riser, (2) 
with the vapor velocity slightly 
above 600 fpm using the 3 ft 0 in. 
riser, (3) with the vapor velocity 
slightly under 500 fpm using the 
12 ft 6 in. riser, and (4) with the 
vapor velocity slightly under 500 
fpm using the 3 ft 0 in. riser. Photo- 
graphs and measurements were 
made for each test after the system 
had been in operation for more 
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Fig. 3 Trap of heat- and 
shock-resistant glass was used 
in these tests 





than a two hour period in each 
case. The four tests will be re- 
ported separately. 


Test No. 1 Fig. 5 is a photograph 
of the oil moving along all parts 
of the trap in a satisfactory man- 
ner. The riser height was 12 ft 
6 in. and the vapor velocity was 
625 fpm. The oil flowed along the 
bottom of the horizontal leg, in 
various patterns depending upon 
the position in the U bend, and in 
a continuous upward creeping 
movement of a rippling liquid film 
in the vertical leg. The velocity of 
the oil movement could not be 
measured; however, in the _ hori- 
zontal leg the ripples at the top of 
the oil stream appeared to move at 
about 6 fpm, while the oil ripples 
along the surface in the vertical leg 


appeared to move at less than 1.0 
fpm. 

It must not be inferred that 
the velocity of the rippling move- 
ment is the same as that of the flow 
of the oil film. In the riser, no 
doubt, the ripples are formed by 
the two following opposing forces: 
(1) the upward viscous drag of the 
refrigerant vapor on the oil film 
and (2) the downward force of 
gravity on the oil film. It is even 
quite possible that the ripples may 
appear to move upward while that 
portion of the oil film next to the 
surface of the pipe is moving down- 
ward. Let us consider a seashore 
analogy. 

Suppose that you were stand- 
ing at the end of a pier at the sea- 
shore and were looking downward 
at the waves. You would see these 
large ripples moving at consider- 
able velocity toward the shore. If 
you made the assumption that the 
ocean water was moving toward 
the shore at the same velocity as 
the waves, you would immediately 
become afraid that the adjoining 
resort city would be flooded. Actu- 
ally, the tide might be receding 
and under this condition the re- 
sultant movement of the ocean 
water would be away from the 
shore. 


The only definite criteria of 
the upward or downward travel of 
oil is whether there is a continu- 
ously increasing collection of oil at 
the bottom of the trap. If there is 
no collection of oil at the bottom 
of the trap or if the amount of oil 
at this point strikes an equilibrium, 
then the amount of oil entering the 
trap would equal the amount of 
oil leaving the trap and there would 
be an upward flow of oil in some 
manner. 


The velocity of the ripples, 
however, may have some signifi- 
cance. Since they are undoubtedly 
caused by two opposing forces, the 
average velocity of the oil flow in 
the film must be considerably 
slower than that of the ripples and 
if the oil flow were by film travel 
only the return of oil to the com- 
pressor crankcase would be slow 
indeed. 

No accumulation of oil at the 
bottom of the U bend appeared 
while the system was in operation. 
When the system was stopped the 
collection of oil at the bottom of 
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the U trap was almost negligible 
indicating that the oil film in the 
vertical riser must have been quite 
thin. There was no measurable 
change in the crankcase oil level 
during the test, hence the oil re- 
turn was considered satisfactory. 


Test No. 2 Fig. 6 reproduces a 
photograph of the oil flowing 
through all parts of the trap under 
similar conditions of operation to 
that of Test No. 1 in all respects 
except that the riser was only 3 ft 
0 in. rather than 12 ft 6 in. The 
oil flow pattern was the same as 
that in Test No. 1 in all respects, 
indicating that the height of the 
riser had no effect on the oil flow 
pattern. 

At vapor velocities between 
500 and 600 fpm with either length 
of riser the oil flow pattern in the 
vertical leg of the trap was un- 
stable. No photographs were taken 
within this range. 


Test No. 3 Fig. 7 indicates oil 
movement through all parts of the 
trap, using 12 ft 6 in. riser as in 
Test No. 1 but with the vapor ve- 
locity reduced to 490 fpm. The 
ripples along the top of the oil 
stream in the horizontal leg moved 
at about 3.5 fpm, considerably 
slower than in Test No. 1. There 
was an initial accumulation of oil 
at the bottom of the U bend as 
shown in the figure, but this quan- 
tity quickly struck an equilibrium 
and remained constant throughout 
the test. Upon turning off the sys- 
tem and allowing the vertical riser 
to drain, this accumulation was 
about 0.5 in. deep. Upon starting 
the system again the accumulation 
of oil did not travel up the riser 
in a slug but spread evenly on the 
surface of the riser. The uneven 
ripples in the vertical leg of the 
trap appeared to move downward 
at a velocity of less than 1.0 fpm. 
Since the quantity of oil at the bot- 
tom of the U bend remained con- 
stant we can say that the down- 
ward flow of oil along the vertical 
leg must have been equal to the 
upward flow with the vapor. There 
are therefore two modes of oil 
travel up a riser: along the surface 
of the tube and also with the re- 
frigerant vapor. 

There was no measurable 
change in the crankcase oil level 
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Flow patterns of liquid films. Fig. 5 Moving 
up inside glass section with 12 ft 6 in. riser; 


Fig. 6 


With 3 ft 0 in. riser; Fig. 7 Moving 


down with 12 ft 6 in. riser; Fig. 8 With 3 


ft 0 in. riser 


during the test. We must therefore 
conclude that the travel of oil 
through the suction line was satis- 
factory; however, with a long 
branched suction line oil return 
difficulty might be encountered 
under nonstabilized conditions of 
operation because of the thicker 
oil film in the vertical line and the 
slower oil movement in the hori- 
zontal lines. 


Test No. 4 Fig. 8 shows oil move- 
ment when the system was oper- 
ating under similar conditions to 
that of Test No. 3 in all respects 
except that the 3 ft 0 in. riser was 
used rather than the 12 ft 6 in. 


riser. The oil flow pattern was 
similar to that of Test No. 3 in all 
respects again indicating that the 
height of the riser had no effect on 
the oil flow pattern. No tests were 
made on the percentage of oil in 
circulation with the refrigerant at 
the time the photographs were 
taken, but subsequent measure- 
ments indicated that the oil con- 
centration was nearly 1.0 percent 
by weight of the refrigerant during 
all the tests of this study. 


SUMMARY 


1. Height of the riser had no effect 
on the oil flow pattern in the trap 
or in the riser. 
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2. There were two modes of oil 
travel upward in suction risers: (1) 
as a rippling oil film along the in- 
ner surface of the tube and (2) as 
oil vapor or mist traveling along 
with the refrigerant vapor. 


3. The oil traveled along the hori- 
zontal run in a rippling stream at 
a low velocity when compared to 
that of the refrigerant vapor flow. 


4. The “P” shaped oil trap afforded 
proper drainage of the horizontal 
run and satisfactory flow of the oil 
upward in the riser at a lower ve- 
locity than was heretofore deemed 
advisable. At vapor velocities above 
600 fpm no oil accumulation ap- 
peared at the bottom of the trap, 
and the ripples of the oil along the 
tube surface moved smoothly up- 
ward at a low velocity. At vapor 
velocities between 500 and 600 fpm 
there was a transition range under 
which condition it was difficult to 
determine the direction and veloc- 
ity of the ripples. 

At vapor velocities below 500 
fpm the ripples of the oil along the 
tube surface moved slowly down- 
ward. At vapor velocities below 
500 fpm a small pool of oil ap- 
peared at the bottom of the U bend 
of the trap; however, the size of 
this pool remained constant after 
an equilibrium had been estab- 
lished in the system. 
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CONDENSING UNIT 


Fig. 9 Schematic arrangement of test system 


5. Satisfactory oil return was 
achieved in all tests on this system; 
however, if the suction line had 
been long and branched, with the 
system operating under nonstabil- 
ized conditions, and with vapor 
velocities below 500 fpm, oil return 
difficulty might be encountered be- 
cause of the thicker oil film in the 
vertical line and larger oil stream 
in the horizontal line and the slow 
rate of flow in either case. 

II For many years we have re- 
ceived reports on difficulty of oil- 
return where long horizontal suc- 
tion lines were involved. Most of 
these reports were concerned with 
refrigerating systems for super 
markets. Also, the first study indi- 
cated that, because of low velocity 
of oil travel in either horizontal or 
vertical lines, considerable time 
could elapse on long lines between 
the time oil left the compressor 
crankcase and was returned to it. 
Because of these circumstances we 
have set up a test system as indi- 
cated in Fig. 9 with a 115 ft long 
suction line constructed of one in. 
nominal diam schedule 40 steel 
pipe with 1.0-in. inside diam extra 
strong heat-resistant glass sections 
as indicated. 

A riser 3 ft 0-in. high pre- 
ceded by a long turn ell construct- 
ed by bending a piece of schedule 
40 steel pipe on a 3.5-in. radius was 
included in the suction line as in- 
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dicated. The purpose of this riser 
was to give as poor a flow condi- 
tion for the oil as possible.* 

A 2 hp, 2 cyl Refrigerant-12 
compressor running at 575 rpm 
was used. It had trunk type pis- 
tons with one compression ring 
above the entry of the suction 
vapor and two scraper rings below 
the entry of the vapor. It had 
splash lubrication. The crankshaft 
was not counter-balanced. One pe- 
culiarity of this compressor was 
that it had no internal nor external 
connection between the suction 
vapor and the compressor crank- 
case. The compressor was in good 
condition although it was 14 years 
old. It has never had any parts re- 
placed. In spite of its age it pumped 
but little oil. In order to vary the 
oil quantity in circulation an exter- 
nal connection was made from the 
bottom of the compressor crankcase 
through a needle valve to the suc- 
tion line. A naphthene base lubri- 
cating oil of 300 SSU viscosity 
was used. 

The capacity of the system was 
regulated by regulating the air 
quantity flowing through the blower 
coil and throttling the suction va- 
por at the compressor. 

A preliminary study showed 
It was found in a previous study that there 
was more danger of oil settling before a long 
turn ell than a short turn ell. It was also 
found in the previous study that there was no 


difference in oil film pattern in a 3 ft 0 in. 
riser and a 12 ft 6 in. riser. 
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no difficulty of oil return at suction 
pressures ranging from —20F to 
+20 F at refrigerant vapor veloci- 
ties down to 375 fpm. It was de- 
cided that the amazing perform- 
ance of this system warranted 
closer study of the percentage con- 
centration of oil in the liquid re- 
frigerant, a closer study of the 
compressor performance and a 
photographic study of the oil cir- 
culation in the lines. 

First examined was the amaz- 
ing performance of the compressor. 
In spite of its age it pumped but 
litt'e oil. The percentage of oil in 
the liquid refrigerant was 0.6 of 
one percent or less during all tests 
in which the needle valve in the 
line between the compressor crank- 
case and the suction line was 
closed. This low rate of oil pump- 
ing is comparable to that when a 
discharge line oil separator is used 
with most compressors. When oil 
was injected into the piping sys- 
tem by opening the needle valve, 
this oil returned to the compressor 
crankcase in less than 15 min al- 
though the crankcase pressure was 
considerably above that of the suc- 
tion vapor. 

Fig. 10 charts the crankcase 
pressure and the suction pressure 
over a 6 hr period of operation. 
You will notice that the crankcase 
pressure exceeded the suction pres- 
sure by 13 psi shortly after start- 
up. This pressure difference in- 
creased to 27 psi about one hr after 
start-up then slowly decreased 
until the pressure difference was 
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Fig. 10 Crankcase and suc- 
tion pressures as related to 
hours of operation 


only 3.0 psi after six hr of opera- 
tion. No noticeable difference in 
crankcase oil level occurred during 
the period. 

In order to compare the flow 
of oil in the suction line of this 
system with that of the previous 
study, the “P” shaped trap was sub- 
stituted for the long turn ell and 
photographs were taken both of it 
and the horizontal glass sections. 
The photographs of the glass sec- 
tions showed little that is not shown 
here in those of the trap; there- 
fore only the photographs of the 
trap are reproduced here. These 
photographs were for tests with 


the needle valve between the 
crankcase and the suction line 
closed. 


The concentration of oil in the 
liquid refrigerant did not exceed 
0.6 of one percent by weight. Three 
tests were run at vapor velocities 
in the suction line respectively at 
400, 480 and 670 fpm. The suction 
pressure was maintained at ap- 
proximately 22 psig (approximately 





22 F) and at the trap the vapor 
was superheated approximately 40 
F above the saturated condition 
during all tests. These tests will be 
presented as Tests 5, 6 and 7 


Test No. 5 Fig. 11 reproduces a 
photograph of the unusual flow 
pattern in the trap when the suc- 
tion line vapor velocity was 400 
fpm. The photograph was taken 
after more than three hr of con- 
tinuous operation. Oil drops ap- 
peared in the horizontal leg of the 
trap but these drops were station- 
ary. Above these drops the line 
was completely clear showing no 
indication of an oil mist. A still 
pool of oil about %-in. thick lay 
at the bottom of trap. A slight fog- 
ging of the glass appeared at the 
bottom of the vertical leg but al- 
most immediately after the bend 
the vertical leg was entirely clear. 
The system was operated for about 
three additional hours with no ap- 
parent change in crankcase oil level 
nor oil quantity in the pool at the 
bottom of the trap. Since the con- 
centration of oil in the liquid re- 
frigerant was 0.6 of one percent it 
must be concluded in this case 
that this oil traveled as a transpar- 
ent colloidal dispersion. 


Test No.6 Fig. 12 shows the flow 
pattern in the transparent trap 
when the suction line vapor veloc- 
ity was 480 fpm, with suction tem- 
perature and superheat approxi- 
mately the same as in Test 5. The 
on page 98) 


(Continued « 


Flow pattern with low oil quantity in circulation. 
Fig. 11 Vapor velocity 400 fpm; Fig. 12 Vapor 
velocity 480 fpm; Fig. 13 Vapor velocity 670 fpm 


FIG. II 


FIG, 12 
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A salute to 


PRESIDENT’ PAGE 


Two tine men 





ARTHUR J. HESS 


The inevitableness of change is something 
that usually becomes more and more appar- 
ent to most of us as we grow older in life. 
Many of these changes make little impression 
on us except when we pause on occasion and 
observe their cumulative effect. On the other 
hand, there are changes that are very notice- 
able to us with profound effect on our lives 
and activities. 

Such changes can occur in organiza- 
tions such as ours, and one has happened in 
ASHRAE. This is the change in the Execu- 
tive Secretaryship that has resulted in the 
elevation of A. V. Hutchinson to Executive 
Secretary Emeritus and the assumption of 
the office of Executive Secretary by R. C. 
Cross. 

The change, of course, will place Mr. 
Cross in the position of active management 
of the Society business affairs, under the 
Officers and Board of Directors, as provided 
by the By-laws. 

Mr. Hutchinson will become an ad- 
visor to the Officers, the Executive Commit- 
tee and the Board of Directors, where his 
many years of experience can be drawn upon 
to provide advice and information toward a 
better Society operation. 

Members of the former ASHAE will 
miss Mr. Hutchinson’s active hand on the 
throttle, for he was in the cab many more 
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years than most of us can remember. Thirty- 
seven years of his life were spent by this 
dedicated and devoted man in the work of 
the Society, and it is the hope of your Presi- 
dent that those of you who have dealt with 
him, or who know him will personally express 
your appreciation to him for this wonderful 
service. In his thirty-seven years of service, 
he assisted in and witnessed the growth of 
ASHAE as a small group into a large well 
recognized technical society with members 
over the entire free world. 

Many innovations in Society operation 
were sponsored by Mr. Hutchinson and he 
carried out practically all the directives and 
changes proscribed by the Officers and the 
Board. Probably the most important con- 
tribution, among the many he made, was 
his work on the “Guide” which he built up 
into the “Bible” of the Industry and one of 
the most respected publications of any tech- 
nical society. 

To Mr. Hutchinson we owe much 
more than we can say in words, or do in 
deeds. 

One deed we can perform, however, 
is to show our respect for his fine perform- 
ance by selecting a man of capability to take 
over the throttle and such a man we have in 
Mr. Cross, who is well known to members of 
the former ASRE, where he has been Execu- 
tive Secretary for the past five years. 

Members of the former ASHAE will 
recall him as a Past Chairman of the Re- 
search Committee, a most important post in 
that Society. This experience in both So- 
cieties will stand him in good stead, but no 
Executive Secretary can function effectively 
without the cooperation of all the members. 
Please give him yours. If you have any sug- 
gestions, he has good ears, too. 

I close with a salute to two fine and 
wonderful men. 
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first annual meeting, June 


ASHRAE At Lake Placid 


Together with Henry Torrance and M. F. 
Blankin, senior-attending, and numerous other 
Past Presidents of the two precedent societies, 
775 members and guests converged at the Lake 
Placid Club for the first of the annual meetings 
of ASHRAE. A notable occasion in many re- 
spects, this meeting included an unusually 
heavy technical program consisting of eight 
Technical Sessions, three Conferences and six 
Forums. 

Arthur J. Hess, who has served as President 
of ASRE and was the last President of ASHAE, 
succeeded Cecil Boling as President of the 
Society. Other officers -daeateadiond were: D. D. 
Wile, First Vice President; W. A. Grant, Second 
Vice President; R. H. Tull, Third Vice Presi- 
dent; J. Everetts, Jr., Fourth Vice President; 


Fourth Vice President J. 
Everetts, Jr., was in charge 
of the Sixth Technical Ses- 
sion. H. P. Harle was Chair- 
man and speakers included 
Past President C. M. Ashley 
whose topic was noise in re- 
frigeration and air condition- 
ing systems and B. H. Mar- 
vet, experimental study of 
grille noise characteristics. 
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22-24 





F. Y. Carter, First Treasurer; and J. H. Fox, 
Second Treasurer. 
Professor H. M. Hendrickson was _pre- 
sented with the Wolverine Award for his article, 
‘Saline Water Conversion by Freezing, as 
published in REFRIGERATING ENGINEER: 
ING, August 1958. Recipients of the Klixon 
Award were H. O. Spauschus and R. S. Olsen 
for their paper, “Gas Analysis— A New Tool 
for Determining the Chemical Stability of 
Hermetic Systems” (RE, February 1959). 

At various committee meetings, held prior 
to and during the meeting, the important work 
of rearrangement of personnel and redefinition 
of methods and objectives was carried out. The 
Board of Directors announced that, effective 
July 1, A. V. Hutchinson became Executive 
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16 Past Presidents of either ASHAE or ASRE, 
or both, received acclaim at the Annual Banquet. 
As shown: A. J. Hess, E. R. Queer, J. E. Haines, 
L. N. Hunter, L. E. Seeley, A. E. Stacey, G. L. 








Secretary Emeritus. Mr. Hutchinson, associated 
with ASHAE since 1922, became Executive 
Secretary of that society in 1950 and has served 
similarly for ASHRAE subsequent to the mer- 
ger. Robert C. Cross, Executive Secretary ot 
ASRE for five years prior to the merger, is now 
Executive Secretary of ASHRAE. 

Social Program included the Welcome 
Luncheon, at which the new officers were in- 
stalled, the Annual Banquet and golf tourna- 
ments and sightseeing trips to local points ot 
interest and scenic attractions. Although sev- 
eral events had to be rescheduled because of 
inclement weather, none were omitted. 

The next meeting of ASHRAE will be in 
Dallas, February 1-4, concurrently with the 2nd 
Southwest Heating and Air Conditioning Ex- 
position. 


AT THE TECHNICAL SESSIONS 


Virtually all areas of interest to ASHRAE mem- 
bers were covered in the broad and comprehen- 
sive technical program of eight Technical Ses- 
sions, three Conferences and six Forums. 
Although turbine-driven centrifugal refrig- 
eration systems with steam condensers are 
about 25% higher in operating weight than 
absorption machines, this does not affect the 
overall cost in most cases, W. G. Dorsey, Jr., of 
Worthington Corp. asserted. First cost of tur- 
bine-driven centrifugals, including steam con- 
denser, cooling tower and condenser water 
pumps is generally lower than for absorption 
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Tuve, M. F. Blankin, Cecil Boling, H 
rance, Jr., Crosby Field, B. H. Jennings, J. G. 
Bergdoll, Jr., L. Buehler, Jr.; C. M. Ashley, H. F. 
Spoehrer 





wt 


enry Tor- 


units, he said. However, Mr. Dorsey empha- 
sized that before selecting a unit, owners and 
engineers should investigate all factors which 
influence the operation of a refrigeration sys- 
tem for their specific air conditioning needs. 

A study of the effects of refrigerant prop- 
erties on centrifugal compressor impeller di- 
mensions and stage performance, undertaken 
by F. J. Wiesner, Jr., and H. E. Caswell of 
Carrier Corp., revealed that: the most compact 
and efficient compressor results with the use 
of Refrigerant-12; Refrigerant-11 realizes the 
best gas hp per ton of refrigeration; the largest 
and least efficient compressor is obtained with 
Refrigerant-113, however, it is the most adapta- 


Outgoing President Cecil Boling 
received an ASHRAE gift watch 
from incoming President Arthur 
Hess at the Banquet 
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Newly-installed officers of ASHRAE: First Treas- 
urer F, Y. Carter, Fourth Vice President J. Ever- 
etts, Jr., Second Vice President W. A. Grant, 


President A. J. Hess, First Vice President D. D. 
Wile, Third Vice President R. H. Tull, Second 
Treasurer J. H. Fox 





ble for direct motor drive, since other refrig- 
erants require either speed increasing elements 
or high speed turbines. This advantage of 
Refrigerant-113 results in its use for this load 
range despite the fact that its overall perform- 
ance does not equal that of other refrigerants. 

The free-piston engine compressor, com- 
bining power generation and vapor compres- 
sion functions in a single unit, may overcome 
those problems of first cost, operating and main- 
tenance costs and noise level which have been 
deterrents to general acceptance of the conven- 
tional internal combustion gas engines as an 
air conditioning power source. R. 1. McCrory, 
R. W. King and J. H. MeNinch described such a 
unit developed at Battelle Memorial Institute 
—a free-piston refrigerant compressor with a 
two-stroke cycle combustion chamber on the 
top end and a compressor cylinder with con- 
ventional inlet and discharge valves on the 
bottom. Diameters of both power and com- 
pressor cylinders are 2% in. and nominal stroke 
of the piston is 3 in., resulting in nominal dis- 


R. S. Ash spoke 
on evaporative 
cooling for the 
common storage 
of fruits and veg- 
etables at the 
Fifth Technical 
Session 
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placements of 17.8 cu in. Operating frequency 
is 1500 cpm with a condenser saturated tem- 
perature of 110F; refrigeration capacity is 3 
tons. The authors pointed out that considerable 
work in the laboratory and field are required to 
improve performance and decrease operating 
cost. 

An automatic computer for fan testing 
using nozzles or orifices, extended successfully 
to paolo rapid automatic computation and 
machine plotting of fan performance curves 
accurately, was reported by C. H. Pountney, 
Jr., and D. W. Skipworth, Viking Air Products 
Div, National-U.S. Radiator Corp. With this 
apparatus complete fan performance determi- 
nations are made in 20 min instead of the 
approximate 4 hr normally required for testing 
and calculations. Performance at any desired 
speed is plotted automatically over the entire 
operating span of a fan in terms of brake horse- 
power or watt input, static pressure and flow. 
Data are reproducible within +1% and are 
within +:3% of data obtained in conventional 
fan-test chambers. 


Senior - attending 
Past Presidents 
M. F. Blankin 
(ASHAE) and 
Henry Torrance, 
Jr. (ASRE) re- 
ceived an ovation 
at the Annual 
Banquet 
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At the Seventh Technical 
Session F. F. Trunzo dis- 
cussed the repeated scrape 
abrasion testing of enameled 
wires in gaseous and liquid 
refrigerants, with Chairman 
J. W. May in charge. At the 
same session, H. M. Elsey 
had the estimation of the 
water content of certain 


dried but uncharged her- 





topic 





Two air-filter media were evaluated by 
their effectiveness in reducing human sensory 
irritation resulting from Los Angeles smog in 
a study conducted by N. A. Richardson and 
W. C. Middleton of the University of California. 
Much of the testing was done with activated 
carbon filters varying in air detention time be- 
tween 0.032 and 0.0030 sec. The authors found 
that a statistically significant reduction in sen- 
sory irritation was accomplished when the smog 
was passed through activated carbon filters 
having air detention times at least as short as 
0.0030 sec. Differences in effectiveness of acti- 
vated carbon filters relating to variations in air 
detention time between 0.032 sec. and 0.0030 
sec. were not statistically significant; but ratios 
between corresponding irritation levels in fil- 
tered and non-filtered atmospheres indicated a 
trend of decreasing effectiveness as air deten- 
tion time in the filter bed was reduced. Effec- 
tiveness of activated carbon in removing oxi- 
dants, a function of air detention time, was not 
improved much by increasing the detention 
time beyond 0. 032 sec., falling off at an in- 
creasing rate as detention time was decreased 
below this point. The study further disclosed 
that particulate material is not directly related 
to the occurrence of sensory irritation ‘and that 
sensory irritation is highly related to oxidant 
level but only moderately related to tempera- 
ture. 

W. G. Colborne, Assumption University of 
Windsor, and W. C. Moffatt, Royal Military 


R. H. Tull was in charge of the Fifth Tech- 
nical Session for which R. S. Buchanan was 
Chairman and A. G. Wilson, who discussed 
condensation between the pancs of double 
windows, R. S. Ash (the evaporative cool- 
ing for the common storage of fruits and 
vegetables) and J. W. Zahradnik (controlled 
atmosphere apple storage process) were 
speakers 
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College of Canada, who presented two papers 
on chimney design and performance, first dis- 
cussed fundamentals of chimney performance 
from a theoretical viewpoint and substantiated 
these theories with data obtained from labora- 
tory tests of aluminum chimneys. A general 
chimney performance equation was developed 
which may be applied to any chimney. Effects 
of inlet temperature, insulation, chimney height 
and infiltration on chimney efficiency were 
analyzed and justified by examination of the 
equation. It was found that the effect of tem- 
perature on chimney performance was not 
readily predictable and that increasing the 
height/diameter ratio will normally reduce the 
efficiency. However, the magnitude of the effi- 
ciency drop will depend to a large extent on 
the heat transfer characteristics of the chimney 
wall. 

In the second part of the study, the authors 
suggested a practical design method for sizing 
of chimneys, not limited to any specific size. 
This design method yields the chimney diame- 
ter required, based on a given set of conditions, 
which will result in a chimney of maximum 
efficiency. Then the actual draft which will be 
obtainable under the same set of given condi- 


tions is determined. If the actual draft found 


is not sufficient, the height or inlet temperature 
of the chimney must be increased. On the other 
hand, if the draft is greater than that required 
a draft regulator may be used. This design 
method is based on steady state conditions and 
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no account is taken of the effects of infiltration 
and wind. 

“Best way to get rid of noise is to design 
it out,” advised E. A. Baillif and James P. 
Laughlin of Whirlpool Corp. They explained 
that noise is generated by a number of basic 
physical processes and can be eliminated fre- 
quently or reduced by: redesigning the noise 
producing devices; placing the machine on an 
appropriate mounting; adding mufflers, filters or 
dampeners to absorb, block or dampen the 
noise; or modifying the device to change its 
noise characteristics to make it less objection- 
able. The authors concluded that where design 
for acoustical improvement must be secondarv 
to appearance or performance, it is possible to 
reduce noise to acceptable limits by proper 
use of acoustical materials. 

Professor R. C. Binder, Purdue University, 
reported on the results of an investigation of 
machine noise problems and reviewed methods 
which are applicable to the study of noise from 
small compressors used on household refrigera- 
tors. Preliminary tests indicated that annoy- 
ance is caused by high frequency components, 
above about 7,000 cps, and by discrete fre- 
quency components. The usual human response 
is to accept the more familiar low frequency 
sound more readily than the less common high 
frequency sounds. 

A. F. Martz, Jr., J. L. Martin, and W. R. 
Danielson, Whirlpool Corp., affirmed that the 
two-fold purpose for the muffler in a mechanical 
refrigeration system is to filter from the com- 
pressor discharge line those pulsations and 
noises introduced by the compression process 
and to serve as an accumulator for the com- 
pressor so that it does not backload. A design 
method based upon acoustical theory yielded 
a muffler which accomplished both objectives. 
This muffler attenuates in the range of fre- 
quencies for which those equations specify a 
substantial transmission loss. The magnitude of 
the transmission loss depends not only on the 
muffler design but also upon the existence or 
non-existence of standing waves in the tube into 
which the muffler discharges. 

That causes of oscillations are not fully 
understood is the reason for the lack of success 


Nearly 800 members and guests registered here 
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of suppression techniques, C. F. Speich and 
A. A. Putnam of the Battelle Memorial Institute 
declared. The oscillation problem has been 
further complicated in recent years by the use 
of smaller, more compact heating units placed 
nearer to the living quarters of residences. In 
this paper, fifth in a series of reports on results 
of a research program, two items related to 
single-port burners which require further study 
were revealed. One is the physical mechanism 
by which the vortices are shed from the burner 
port; the other, a study in more detail of the 
coupling effect between the periodic variation 
in heat release and the pressure oscillations. 
The authors called to the attention of their 
audience the advantage of compiling informa- 
tion systematically on various arrangements of 
burner face at port level and the conditions 
under which they oscillate, to arrive at a prac- 
tical set of data which would give a designer 
a feeling for the actual changes that result 
from various changes in operating parameters. 

Reporting on a study of solar radiant gains 
through directional glass exposure, R. D. 
Cramer and L. W. Neubauer, University of 
California, asserted that inside screening de- 
vices which hang flat against the glass and have 
smooth surfaces are better barriers against 
radiation than those which hang away from the 
glass. They stressed the importance of inter- 
cepting solar radiation before it enters a struc- 
ture, rather than afterwards. However, they 
pointed out that these results are applicable 
only in areas where radiation values and tem- 
peratures are high and humidities are low. 

A simple and accurate method of load cal- 
culation described by W. B. Drake, Lockheed 
Aircraft Corp., Harry Buchberg and D. Lebell, 
University of California, in the first of a two- 
part presentation, uses machine-computed data 
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For the best paper on motors and controls, H. 0, 
Spauschus and R. S. Olsen received the Klixon 
Award. To Professor H. M. Hendrickson for the 
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transfer as a result of air flow will depend on 
the total pressure difference across the window 
and the relative resistance and distribution of 
cracks around inner and outer panes, as well 








as psychrometric conditions. However, when 
air flow resistance of the inside pane is suffi- 
ciently higher than that of the outside pane 
and has openings around the outside pane 
located at the top and the bottom of the air 
space, the air space can interchange air with 
the outside even with inside pressures greater 
than outside. Such venting of space, the au- 
thors summarized, can be used effectively to 
| prevent condensation between the panes if the 
H. O. Ff test technical paper published in REFRIGER- amount of outside air interchange is large in 
‘lixon | 4TING ENGINEERING went the Wolverine relation to the air flow to the space from inside. 
the | Award. Presentations by President Hess Improvement of common storage of fruits 
and vegetables is effected through use of the 
principle of evaporative cooling, Robert S. Ash, 
ad that can be tabulated in advance for the deter- International Metal Products Co., declared. In 
te mination of heat fluxes through structural sec- this way, high humidity to prevent shrinkage 
en tions. The data tabulated are independent of and lower temperature to reduce respiration are 
se boundary conditions and directly applicable to achieved, with the additional benefit of fresh 
od anv situation. ‘ 7 to carry away ripening gases and to prevent 
In ' In the second paper, the capabilities of an odor. 
ts ac network maar in handling thermal net- With a controlled atmosphere oF 37 F 
to work problems were reported. The steady-state (1% F), a relative humidity of 85-90% and 
ly sinusoidal method of load calculation is adapted an atmosphere of 3% oxygen, 5% carbon dioxide 
m as a means of utilizing previous electric analog and 92% nitrogen and miscellaneous inert gases, 
er experience and of providing the designer with it is possible to preserve the quality of apples 
ne a simple calculation tool. The authors con- for 6 to 8 months on a commercial basis, re- 
mn cluded that use of an ac network computer ported J. W. Zahradnik of the University of 
1S. would be an economical way to compute trans- Massachusetts. The exact composition, how- 
‘ir fer functions of all typical constructions in use. ever, will depend on the amount of air exchange 
a- K. R. Solvason, National Research Council, during loading. 
of Canada, commented on a large-scale wall heat- C. M. Ashley of Carrier Corp. discussed 
ns flow measuring apparatus — built up 8 x 8 ft proposed ASHRAE standards for the measure- 
c wall sections — which were tested to determine ment of sound from equipment. He discussed 
er heat transmission coefficients under steady-state the various SOURCES of sound, including sounds 
He conditions and with periodic variation in cold from mechanical equipment as well as poor 
‘S, side temperature. This apparatus provides an building construction, improper sound treat- 
ns accurate means for obtaining steady-state heat ment and other factors which allow undesired 
D, flows or conductances through built-up wall sound to reach ears of occupants of a building. 
of sections, windows and doors. The test wall was 
e- exposed to controlled temperature surround- psiiienscaiadhieecieineecatamnanne 
e ings, as well as to controlled temperature air; Pasi inet ohio saie r i oar asl 
st thus, convective and radiant components of W. G. Colborne and W. C. Moffatt at 
1e surface conductances were evaluated. Transient the Second Technical Session. Chairman 
T- response of wall sections and effect of moisture was G. B. Priester 
C- movement induced by cycling temperature can 
2 be evaluated, and the apparatus can also be 
le adapted to general calorimetry tests. 
n- When outside temperatures are lower than 
inside condensation will ultimately occur on 
|- the inside surface of the outer pane of double 
d windows if the gain in water vapor to the 
l, window space is greater than the loss, thus 
D- Observed A. Grant Wilson and E. Nowak, 
fa National Research Council of Canada. Vapor 
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S. J. Williams was Chairman of the First Tech- 
nical Session where compressors were discussed. 
(Right) W. G. Dorsey, Jr., whose topic was tur- 
bine-driven centrifugal refrigerating systems. 
(Left) R. J. McCrory, free piston compressor in 
an air conditioning system 





Society standards are being circulated in pri- 
mary form. Mr. Ashley explained, to enable 
members to understand them, make suggestions 
regarding them, and use them when they are 
finally issued. 

A graphic comparison of patterns of octave- 
band and loudness spectra, showing effects of 
fin design, grille face velocity and ‘static pres- 
sure loss upon the frequency distribution and 
subjective loudness of grille noise was presented 
by B. H. Marvet of the Tennessee Valley Au- 
thority. Three sample grilles of the return-air 
type, ‘showing sufficient variation in fin shape 
and spacing, were examined. However, it was 
not possible to analyze the effects of such 
variables as aspect ratio and mass air flow rates. 

Oil composition does not affect oil burner 
noise, concluded W. A. Beach, R. W. Sage, and 
H. F. Schroeder, of Esso Research and Engi- 
neering Co., following an investigation of a 
variety of fuels. Oil burners used in home heat- 
ing are not sensitive to fuel composition from 
a noise level point of view, it was proved. There- 
fore, changing fuel composition will not reduce 
burner noise. 

Absorption refrigeration is in principle an 
attractive method for utilizing fuel directly for 
cooling and is being used in practical applica- 
tions at the present time. However, Dr. B. J. 
Eiseman, Jr., of duPont explained that existing 
adsorption systems have certain deficiencies. 
The most effective absorbent is completely non- 
volatile and is readily separated from the re- 
yan 2059708 by distillation. However, the Refrig- 
erant-2 2 dimethyl ether of tetraethylene glycol 
system contains advantages which merit care- 
ful consideration for all absorption refrigeration 
applications. 

Howard M. Elsey, James B. Kelley and 
Richard B. Sharpe, Westinghouse Electric 
Corp., told members of the need for a rapid 
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and practical moisture procedure for checking 
the dryness of uncharged compressors. Al- 
though the centrifuge cold trap method of 
water content estimating is satisfactory, it is 
considered too slow for the new internally 
spring-mounted compressor. 

Investigating the effect of pressure on the 
viscosity of refrigerants, O. W. Witzell and 
C. Z. Kamien, Purdue University, found that 
the effect is not great, but a definite increase 
in viscosity is found with increasing pressure. 
Unless high pressures are desired, the effect of 
a small increase in pressure is hardly detectable 
and only above 6 atm. is an appreciable effect 
noticed. There is lack of adequate viscosity 
values for refrigerants; more viscosity values 
are desired for both vapor and liquid phases. 

Development of new and better wire insu- 
lation for hermetic applications requires fast 
test methods which approximate or simulate 
equipment conditions in actual operation, ac- 
cording to F. F. Trunzo, G. J. Bich, and G. W. 
Hewitt, Westinghouse Research Laboratories. 
There are numerous test methods used for 
evaluating magnet wire insulations for hermetic 
motors. ‘Results of these tests show that Form- 

var, polyacrylonitrile, medium functionality 
terephthalate polyesters, polyesteramide and 
Formvar-modified epoxies soften considerably 
and lose almost all of their repeated scrape 
abrasion resistance after aging in Refrigerant-22 
liquid for approximately 20 hr. Polamide and 
polyurethane modified polyesteramide appear 
not to be adversely affected in Refrigerant-22 
liquid; in fact, repeated scrape abrasion values 
were improved. Amine catalyzed epoxy is not 
affected in Refrigerant-22 gas but softens con- 
siderably in the liquid. 

Window shading material transmission fac- 
tors for five different materials were determined 
by R. C. Jordan and James L. Threlkeld of the 
University of Minnesota, both by solar calo- 
rimeter tests and by calculation through inde- 
pendently measured reflectivities and_ trans- 
missivities of the materials. The sensitivity of 
the calculated transmission factors to deter- 
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F, J. Wiesner, Jr., 
spoke of the ef- 
fects of refriger- 
ant properties on 
compressor di- 
mensions at the 
First Technical 
Session 


mination of the reflectivity and transmissivity 
was such that experimental variations in these 
values materially affected the overall transmis- 
sion values. In those cases where the physical 
constants could be evaluated reliably the trans- 
mission factors were calculated accurately, but 
where these values were questionable, calorime- 
ter tests were necessary. 

Summer heat gains and winter heat losses 
through a glass-roller-shade combination were 
investigated for shades of different materials 
and colors as well as for different type glasses 
and various glass-shade openings in a study 
conducted by Necati Ozisik and L. F. Schutrum 
at the ASHRAE Research Laboratory. Data 
compiled related to summer heat gains through 
a glass roller-shade combination reported upon 
for East, South and West orientations for vari- 
ous hours of the day. Results showed that with 
an opaque roller-shade, solar heat gains were 
reduced by lowering the solar absorptance of 
the surface of the shade on the glass side. The 
effect of a low emissivity surface for long-wave 
radiation on the room side of the shade is to 
reduce heat gain due to solar radiation. A low 
emissivity surface on the glass side of the shade 
increases the solar heat gains with a regular 
plate glass and decreases it with a heat absorb- 
ing glass. For an opaque shade with a white 
surface on the glass side, the solar heat gains 
are less with regular plate glass than with heat 
absorbing glass. However, with a dark green 
shade, heat gains are less with absorbing than 
with regular plate glass. 

Three systems of room air distribution for 
summer were evaluated on the basis of specific 
criteria for comfort by J. J. Reinmann, Thomp- 
son Products, Inc., Alfred Koestel and G. L. 
Tuve, Case Institute of Technology, who car- 
ried out extensive tests in a room equivalent to 
a well-insulated living room with exposed walls, 
operated with surface temperatures simulating 
outdoor conditions up to 100F. Results dis- 
closed that the system using round ceiling 
diffusers was more satisfactory than either high 
sidewall air supply system or baseboard radial 
diffusers. 

Undertaken by W. F. Hopper, at the ASH- 
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At the opening 
session of the 
meeting the ad- 
dress of welcome 
was given by Di- 
rector R. A. Baker 
of Region I 





RAE Research Laboratory, was a study to find 
a suitable method of measuring odor adsorption 
and retention characteristics of surfaces. The 
test method adopted, an application of the 
syringe technique, is cited as being satisfactory 
in evaluating the odor adsorption and retention 
properties of many surfaces. Test data sug- 
gested that maximum odor adsorption rate of 
fabrics tested during a 24-hour period in odor- 
ous air occurred at about 75 F and 50% relative 
humidity. 

At the Domestic Refrigerator Engineering 
Conference, with F. A. Noll, Manufacturers’ 
Representative, as Presiding Chairman, four 
discussions were offered covering the design 
and basic functions required of present day 
domestic refrigerators. E. Von Arb, Revco Inc., 
reported on an unusual method of controlling 
food storage temperature which achieves the 
minimum temperature variation from a pre- 
ferred setting and a convenient choice of tem- 
perature with assurance of maintaining it re- 
gardless of location. The effects of refrigeration 
temperatures and humidities on the dehydra- 
tion rates of foods and the growth rate of food 
micro-organisms were discussed by E. W. 
Zearfoss and F. P. Speicher, of Philco Corp. 
Design factors of air flow with regard to evapo- 
rator surface and heat load, related to the 
removal of heat from the frozen storage com- 
partment of the refrigerator by circulation of 
low temperature air, were examined by C. H. 
Wurtz, Frigidaire Div, General Motors Corp. 
Keynoter at this Conference was Colonel C. S. 
Lawrence, Executive Secretary, Institute of 
Food Technologists. 

Methods and problems involved in pro- 
viding more c. nfort for industrial workers were 
explored at the’ Industrial Ventilating Confer- 
ence. G. B. Priester, Baltimore Gas and Electric 
Co., served as Presiding Chairman at this ses- 
sion. J. H. Clarke, Viking Corp., Div of Union 
Carbide, discussed the importance of industrial 
supply air systems, stressing the need of con- 
sidering the building and manufacturing pro- 
cedures and processes involved. The need for 
dust and fume control systems, including de- 

(Continued on page 104) 
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A primer of 





Thermoelectric 


During the past few years, there 
has been increasing publicity con- 
cerning thermoelectricity and _ its 
application to refrigeration and 
electric power generation. 

Many articles have been writ- 
ten on this general subject, most of 
which have been either restricted 
to some phase of it, or have been 
too technical for ease of under- 
standing. Thermoelectricity is in 
the realm of solid state physics, 
and most articles concerning it re- 
quire more of a background in 
physics than is possessed by the 
average engineer. A simpler pres- 
eniation is thus presented here. 


ADVANTAGES 


Fig. 1 illustrates a conventional 
vapor compression refrigerating 
system which includes an electric 
motor, compressor, condenser, 
throttling valve, evaporator and a 
vapor refrigerant. The heating and 
cooling functions of the condenser 
and evaporator can be interchanged 
by reversing the direction of re- 
frigerant flow, which cannot be 
achieved without considerable dif- 
ficulty and expense. Since the mo- 
tor and compressor involve rotary 
and reciprocating motion, wearing 
of parts and noise may also present 
a problem. Containing the refrig- 
erant requires a hermetic system 
which must be leakproof. A fur- 
ther inherent limitation of this sys- 
tem is that it cannot be readily 
miniaturized to economically pro- 
vide only a small amount of refrig- 
eration. 

Represented in Fig. 2 is a com- 
L. A. Staebler is Manager, Advanced Develop- 
ment, Appliance Div, Phileo Corp. This paper 
was presented to the Philadelphia Section of 
the ASRE, April 3, 1959, and the Central New 


York Chapter of ASHRAE, Syracuse, N. Y., 
April 15, 1959. 
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refrigeration 


pletely electronic refrigerator, with- 
out moving parts. The motor, com- 
pressor, condenser, throttling valve, 
evaporator and vapor refrigerant 
have been replaced by a thermo- 
electric couple (two dissimilar ma- 
terials in contact) and a battery or 
other power supply. Passing a de 
current through the couple causes 
cooling at one of its junctions and 
heating at the other. Reversing the 

larity results in an interchange 
of the heating and cooling proc- 
esses; in other words, heat can be 
directed either way by reversing 
the flow of current. 

Since there are no moving 
parts, there is nothing to wear out 
and nothing to generate noise. 
There is no refrigerant to contain 
and the tubing has been replaced 
with electrical wiring. The system 
can be readily miniaturized, both 
for low refrigerating capacity and 
restricted space requiremenrits as 
may be sought. 

Another important advantage, 
not so obvious, perhaps, is the sim- 
ple process by which the refriger- 
ating capacity can be modulated to 
meet the requirements placed on 
the system. This modulation is ac- 
complished by varying the current 
flow through the couple, the equiv- 
alent of modulating the capacity of 
a conventional refrigerating system 
by varying the displacement or the 
rpm of the compressor. 

Fig. 3 presents the possibilities 
for power generation. Here the 
thermoelectric effect is being em- 
ployed in generating electrical en- 
ergy directly from thermal energy, 
which should make possible the 
use of one thermoelectric couple to 
generate electricity to be fed into 
another couple, producing refrig- 
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eration. This would be the equiva- 
lent of absorption refrigeration. 
These, then, are the advan- 
tages and possibilities of thermo- 
electric refrigeration that have 
stimulated so much popular inter- 
est and speculation. That this is 
more than just a passing fancy is 
shown by the interest approxi- 
mately 80 companies and several 
non-profit and government groups 
have indicated in the product po- 
tential of thermoelectricity for cool- 
ing and power generation. The 
military budget for this project is 
currently $3,000,000 and is expect- 
ed to be increased to $8,000,000 in 
1960 and $40,000,000 in 1961. 
Thermoelectric refrigeration is 
already practical for certain spe 
cialty applications, and there are 
indications that it may someday 
compete with present methods of 
refrigeration for household appli- 
ances. Of equal importance, how- 
ever, is the fact that thermoelectric 
refrigeration creates an opportunity 
for the development of new prod- 
ucts, not practical with conver 
tional methods of refrigeration. 


THE SYSTEM 


Thermoelectricity is, by definition, 
the direct conversion of thermal 
energy into electrical energy, or the 
reversible transport of thermal em 
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Fig. 1 Vapor compression system 


Fig. 4 Seebeck effect 
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ergy by an electric current. If a 
temperature difference is main- 
tained between the junctions in a 
circuit consisting of two different 
materials, an electrical voltage is 
enerated in the circuit. This is 

own as the Seebeck Effect (see 
Fig. 4). Common examples of prac- 
tical applications of this effect are 
the thermocouple for measuring 
temperature and the thermoelectric 
generator used with pilot lights in 
gas furnaces, which serves as a 
safety device by closing a solenoid 
valve in the fuel line when the 
pilot light goes out. These are ex- 
amples of power generation by 
means of thermoelectricity. 

The thermoelectric effect of 
greatest interest to refrigerating 
engineers is the Peltier Effect (see 
Fig. 5), in which the passage of a 
current through the junction of 
two different materials results in 
either the absorption or evolution 
of heat at the junction. 

To explain the thermoelectric 
effect, and why 125 years passed 
before it could be put to practical 
use, requires an understanding of 

mechanisms involved in an in- 
terchange of thermal and electrical 
potential energy and the charac- 
teristics of thermoelectric materials 
which make this energy inter- 
change possible. 

Materials, such as metals, con- 
tain a certain distribution of elec- 
trons that are free to move in re- 
sponse either to a temperature 
gradient or to an electric field. 
Thus, if heat is applied at one end 
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Fig. 2 Thermoelectric system 
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Fig. 5 Peltier effect 


THE REVERSIBLE ABSORPTION OR EVOLUTION OF THERMAL 
ENERGY AT THE JUNCTION BETWEEN TWO DISSIMILAR PHASES 
WHICH IS PRODUCED BY THE PASSAGE OF AN ELECTRICAL 
CURRENT THROUGH THE JUNCTION. (Q*TII) 
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of a metal rod, it will increase the 
kinetic energy of the electrons at 
this point and will consequently 
produce a net flow of electrons to- 
ward the cold end, transporting 
heat in so doing. Since each elec- 
tron also carries an_ electrical 


charge, this flow of heat is accom-- 


panied by an electrical current. See 
Fig. 6. 

This, then, is the key to the 
thermoelectric phenomenon. Be- 
cause the flow of electrons is in- 
volved in transport of both heat 
and electricity, it is possible to 
transport heat directly by means 
of an electrical current or, con- 
versely, to cause a flow of electrical 
current through the application of 
heat. 


REFRIGERATING SYSTEM 
ANALOGIES 


Fig. 7 shows certain similarities or 
analogies between the vapor com- 
pression refrigeration system and 
the thermoelectric refrigeration sys- 
tem. The key to the successful op- 
eration of each system is in pro- 
viding the means for obtaining a 





Considering five major aspects of thermoelectric refrig- 
eration, this paper first presents the advantages of the 
system. It includes a non-technical explanation of the 
thermoelectric process with analogies to well known 
principles of mechanical refrigeration. Moving further 
into the subject, design and manufacturing problems are 
discussed, and economic considerations are analyzed. On 
the basis of this information suggestions are made for 
present and future applications of thermoelectric systems. 
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Fig. 3 Electrical power generation 
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Fig. 6 Electron transport of 
electrical and thermal energy 
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change in “energy level” relation- 
ships at the hot and cold sides of 
the system. In the case of the vapor 
compression cycle, this is made pos- 
sible through use of a throttling 
valve between the condenser and 
evaporator. Without this valve, 
there would be a constant pressure 
and a uniform refrigerant enthalpy 
(energy level) throughout the sys- 
tem and no heat pumping would 
occur. The same may take place 
in the thermoelectric circuit. 

If materials A and B are identi- 
cal, the energy level of the elec- 
tron gas would be the same 
throughout the system and there 
would be no heat pumping. How- 
ever, by selecting materials with 
different available electron energy 
levels, the electron “gas” flowin 
across the barrier or “junction 
must undergo an energy change 
which results in either the absorp- 
tion or rejection of heat energy at 
the junction, depending on the di- 
rection of the current flow. Fig. 8 
illustrates simplified energy level 
diagrams for the two systems. 
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PARAMETERS 


The concept of “energy level” is 
important to an explanation of 


th 
th 


ermoelectric refrigeration. For 
e best operation, the difference in 


energy levels in the two materials 


sh 


ould be as great as possible. A 


discussion of the parameter of ther- 
moelectric materials which is re- 
lated to the energy levels, in addi- 
tion to other parameters, which 
characterize the merit of various 
materials, follows. Fig. 9 shows the 
similarities between these param- 
eters and corresponding character- 
istics of compressor design and 
performance. 
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The first of these parameters is 
the thermal conductivity, K, of 
the material, which results in 
backward flow of heat through 
the couple. Such loss should be 
kept to a minimum by striving 
for a low K. 


Analogy: This is similar to the 
backward flow of gas in a com- 
pressor due to piston blow-by 
and valve leakage. 


The second is the electrical re- 
sistivity, p, which determines the 
I?R losses. To limit this loss, p 
should be of a low value. 


Analogy: This is similar to the 
loss in compressor pumping ca- 
pacity due to mechanical friction 
and other factors which super- 
heat the suction gas in the com- 
pressor. 


The third parameter is the ther- 
moelectric power, S, or Seebeck 
coefficient, which describes the 
energy difference of the elec- 
trons in the two materials in 
contact. It is described mathe- 
matically as S = AE/AT and is 
equal to the rate of change of 
the Seebeck voltage with tem- 
perature. More simply, it may 
be described as the energy trans- 
ported by electrons pumped for 
a given temperature difference. 
A high thermoelectric power is 
essential to good performance. 


Analogy: A parallel concept in 
compressor performance is the 
mass (number of molecules) of 
refrigerant gas pumped by the 


compressor per unit volume of 
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Fig. 7 Refrigeration system analogies 
( 1) Refrigerant gas (1) Electron gas 
( 2) Leak-tight tubing ( 2) Electrical conductors 
( 3) Motor-compressor ( 3) Battery 
( 4) Condenser ( 4) Hot junction 
( 5) Evaporator ( 5) Cold junctidn 
( 6) Throttling valve ( 6) Energy level relationships 
( 7) Motor losses ( 7) Battery losses 
( 8) Compressor losses ( 8) Losses in thermoelectric materials 
( 9) Reverse cycle valve ( 9) Reverse cycle switch 
(10) Capacity modulation mechanism (10) Capacity modulation by varying electric 
current 
Fig. 8 Energy level diagrams 
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Fig. 9 Analogies between thermoelectric ma- 
terial parameters and compressor characteristics 
(1) Thermal conductivity, K (1) Losses due to gas leakage past piston and 
(results in backward flow of heat) valves 
(2) Electrical resistivity, p (2) Loss in pumping capacity due to friction and 
(results in I?R losses) other factors which superheat the suction 9s 
in the compressor 
(3) Thermoelectric power (3) Pumping efficiency as affected by head clear- 
= AE/AT ance 


op Wedais em (4) Volumetric efficiency as affected by (!), (2) 
7 = $*/o-K (3) 


(5) Maximum pressure difference (or max. ven 
(5) Maximum temp. difference pression ratio) as affected by volumet 
ATmax = '/2 Z Te? efficiency and suction pressure. 
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Fig. 10 Effect of free electron concentration 


Fig. 11 Progress in thermoelectric refrigera- 
tion 
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(from A. F. Ioffe) Z = S?/pK 


piston displacement, as_ influ- 
enced only by the reexpansion 
losses due to head clearance. 
For a high pumping efficiency, 
the head clearance should be as 
low as possible. 


The figure of merit, Z, which in- 
volves the three parameters pre- 
viously discussed, is used for de- 
scribing the merit of a thermo- 
electric material, and is defined 
mathematically as Z = S?/pK. 
It should be noted that S, p and 
K are interrelated and are all 
dependent on the concentration 
of free electrons. Other factors 
are involved in the maximization 
of the figure of merit; however, 
these are beyond the scope of 
this presentation. See Fig. 10. 


Analogy: A similar concept in 
compressor performance is the 
volumetric efficiency as affected 
by all three characteristics al- 
ready discussed, i.e., piston blow- 
by and valve leakage, friction 
losses contributing to gas super- 
heating, and reexpansion losses. 


A useful relationship may be de- 
rived from the figure of merit. 
This is the maximum tempera- 
ture difference that can be de- 
veloped under no-load condi- 
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tions between the hot and cold 
junctions of a couple. It is de- 
fined as ATMax = ‘W“ZT-,?, 
where T, is the cold junction 
temperature in degrees Kelvin. 


Analogy: This is similar in con- 
cept to the maximum pressure 
difference — or maximum com- 
pression ratio — obtainable in a 
compressor, also in an unloaded 
condition, and is similarly de- 
pendent on the volumetric effi- 
ciency and the suction pressure. 


SEMICONDUCTORS 


The various thermoelectric mate- 
rials will now be examined to de- 
termine the reason for the recent 
acceleration in development. In 
this connection, refer to the chart 
of Fig. 11 which shows the prog- 
ress in thermoelectric cooling since 
1834. Pure metals have an inher- 
ently low thermoelectric power. 
Also the relationship between ther- 
mal and electrical conductivity is 
fixed. Because of this, metals are 
not particularly suitable materials 
for thermoelectric refrigeration, 
and progress was at a standstill 
until post-war advances in solid 
state physics gave us a new class 
of thermoelectric materials known 
as “semiconductors,” which have 


thermoelectric applications. 

The term semiconductor is al- 
most self-explanatory. Metals are 
good heat and electrical conductors 
due to a plentiful supply of “free” 
electrons. Insulating materials, as 
the name implies, are poor con- 
ductors because their electrons are 
tightly bound. A semiconductor, 
therefore, is a material with an 
electrical and thermal conductivity 
somewhere between that of a con- 
ductor and an insulator. However, 
its thermal conductivity is due to 
the properties of both conductors 
and insulators. That is, in addition 
to heat carried by electrons, ther- 
mal energy is also transported by 
phonons or lattice vibrations, the 
vibration of the atoms. This is the 
method of heat transport in an in- 
sulator. 

The total thermal conductivity 
of a semiconductor is thus made 
up of two components: electronic 
and non-electronic. Independent 
adjustment of the lattice vibration 
component may be accomplished 
without affecting either the elec- 
tronic component of the thermal 
conductivity or the electrical con- 
ductivity itself. Considerable im- 
provement in the figure of merit is 
thus possible in semiconductors 
through an independent adjust- 
ment of the thermal conductivity, 
K. In metals, thermal conductivity 
K and electrical resistivity p are 
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FIG. 12. HYPOTHETICAL APPLICATION DATA $000 
Small = 
Design Conditions Air Small Ice 3 
Conditioner Refrig. Maker ® s000F 
° 
Tx (Hot) 125 F 120 F 80 F = I 
T. (Cold) 45 F 35 F IS F . 
Btu per hr 12,000 (1-ton) 150 50 ° 
Vapor Compression & 
C.O.P. 2.3 1.0 0.5 x 
Watts Input 1,500 45 30 ‘ 100F 
Est. Mfg. Cost $100 $25 $20 - 
Thermoelectric 3 50F 
C.O.P. 0.4 0.4 0.6 ai 
Watts Input 8,600 110 25 . 
No. of Couples 4,000 50 15 . 3 
Cost of the Material $400 $5 $2 a : 
(10c per couple) O10 50 
Cost of Structure $1,600 $20 $6 
(40c per couple) 
Cost of Power Supply $35 $20 $15 
Est. Total Mfg. Cost $2,035 $45 $23 
Assumptions: 
Assumptions: Z = 3 X 10-3, couples designed for average of max load 


and max c.o.p., A/L = 1, 


and techniques. Present costs much higher. 


related by the Wiedemann-Franz 
law, which states that the product 
Kp is a constant. This means that 
K or p cannot be independently 
adjusted, limiting the thermoelec- 
tric effect in metals. 

In addition, semiconductors 
are the most promising thermo- 
electric materials because _ their 
concentration of charge carriers 
(free electrons) are of a magnitude 
where S?/p is a maximum. See Fig. 
10. Semiconductors possess _ still 
another thermoelectric advantage. 
This is due to the fact that electri- 
cal and thermal currents may resu!t 
from a flow of either electrons or 
positively charged “holes” vacated 
by electrons. The two types of 
semiconductors are known as “N- 
type” and “P-type,” respectively. 
A junction of these two types of 
material results in an unusually 
large thermoelectric power. For 
these reasons semiconductor mate- 
rials play an important part in 
making thermoelectric _refrigera- 
tion a practical reality. 

It may be of some interest to 
note that bismuth telluride, Bi.Te,, 
is presently the most commonly 
used semiconductor for thermo- 
electric refrigeration. The N-type 
material usually has a small excess 
of tellurium to provide free elec- 
trons, or negative charge carriers. 
The P-type material is likewise 
bismuth telluride; however, it has 
a small excess of bismuth to give 
positive charge carriers. Doping of 
pure bismuth telluride with im- 
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Costs based on high production quantities 


$0.50 


100 500 14,000 5000 10,000 


DESIGN CAPACITY, BTU/ HR 


Fig. 13 Comparative product costs — vapor 
compression vs. thermoelectric refrigeration. 


Total cost per couple, including structure — 


Couples designed for average of max. load 


and max. ¢.0.p 


Couple geometry A/L = 1 
Z=3 x 10°(°C") 


purities can also produce N- or P- 
type materials. 


ENGINEERING PROBLEMS 


Appreciation of the manufacturing 
and engineering problems requires 
involvement in the design and de- 
velopment of devices. Problems 
that must be solved include: 


Economical production of good 
thermoelectric materials. 


Determination of the best physi- 
cal configuration of the couple 
as influenced by considerations 
of refrigerating capacity, space 
limitations, cost per couple, cost 
per Btu and power supply re- 
quirements. 


Fabrication of the individual 
couples, involving considerations 
of cutting to size, plating and 
soldering. 


Assembly of multiple-couple 
panels to provide the total 
amount of cooling required. This 
includes considerations of physi- 
cal structure, thermal insulation 
between the couples, heat con- 
duction to attached extended 
surfaces, and electrical circui- 


try. 


Satisfactory means for efficient 
removal of heat from the hot 


junction and rejection of it to 
the air or other heat sink. 


Design of efficient, low cost pow- 
er supplies to furnish low volt- 


age, high amperage dc output. 


ECONOMIC CONSIDERATIONS 


As to the economics of the situa- 
tion, the questions most frequently 
asked are: How good is thermo- 
electric refrigeration?; How does 
it compare with conventional re- 
frigeration in terms of manufac- 
turing cost and cost of operation?; 
and When will it become competi- 
tive to conventional methods of re- 
frigeration? 


The question, “How good is 
thermoelectric refrigeration?”, can 
best be answered in terms of the 
maximum temperature difference 
available. Present day materials 
are capable of reaching a maxi- 
mum temperature difference of 
about 145 F in an unloaded con- 
dition, which is approximately the 
temperature difference encountered 
by the refrigeration system of a 
household refrigerator in maintain- 
ing a OF evaporator air tempera- 
ture in a 110F ambient. Note, 
however, that the 145 F tempera- 
ture difference is obtainable in the 
thermoelectric system only when 
the couple is not loaded, i.e., is per 


ASHRAE JOURNAL 





ca 


ot 





\OW- 
volt- 
put. 


NS 


tua- 


loes 


NAL 





fectly insulated and not picking up 
any heat. If a reasonable load is 
put on the couple, the operating 
temperature difference may drop 
to 70 F. Obtaining the desired tem- 
perature difference in a loaded 
condition requires design of a cas- 
cade system or provision for water- 
cooling of the hot junctions. Thus 
it does not appear that present-day 
materials are good enough to per- 
mit us to build a_ practical and 
economical conventional household 
refrigerator capable of maintaining 
a zero freezer in a 110 F environ- 
ment. There are, however, many 
other appliances and specialty items 
not requiring such a high tempera- 
ture difference which can be more 
readily powered by a thermoelec- 
tric system. 

The cost of operation is also 
an important consideration, par- 
ticularly where a large refrigerat- 
ing capacity is involved. Thermo- 
electric couples are, at present, 
relatively inefficient compared with 
the vapor compressor system. Esti- 
mated roughly, the C.O.P. of the 
thermoelectric system is perhaps 
only 10% to 50% of that obtainable 
from conventional systems. This 
means, of course, that it may cost 
2 to 10 times as much to operate, 
which would be prohibitive for 
air conditioners and household re- 
frigerators, but would be of less 
consequence with the smaller ap- 
pliances and with specialty items 
of various kinds. 

Present manufacturing costs 
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also present a somewhat discourag- 
ing picture. The thermoelectric 
materials for a single couple with 
a heat pumping capacity of per- 
haps three Btu per hour may cur- 
rently cost about $1.00. Total costs 
per couple, including fabrication 
into panels and complete with heat 
transfer surfaces may therefore be 
as high as $5.00, not including 
power supply or controls, when 
prepared on a laboratory basis. 
Hand-built samples of thermoelec- 
tric refrigerating systems may ac- 
cordingly cost in excess of $500 
for a capacity of 100 Btu per hour. 
However, improvements in tech- 
nology and techniques might soon 
result in a 90% reduction in costs 
if the volume of sales were sufh- 
cient to warrant production ona 
large scale basis. 

Fig. 12 gives hypothetical ap- 
plication data which will aid in 
bringing the foregoing discussion 
into sharp focus. Fig. 13 provides 
additional information concerning 
relative product costs as influenced 
by requirements of heat pumping 
capacity. From these data it will 
be seen that a thermoelectric sys- 
tem using present day materials is 
potentially more economic for ca- 
pacities up to about 100 Btu per 
hour. With capacities above this 
value the curves become increas- 
ingly divergent and the economics 
of the situation favor the use of 
conventional refrigeration systems. 
Improvements in technology and 
materials will, however, make ther- 


moelectric refrigeration increasing- 
ly attractive. 


WHAT OF TOMORROW? 


The last question, “When will ther- 
moelectric refrigeration become 
competitive to conventional refrig- 
eration?”, is also answered in Figs. 
12 and 13, which show that ther- 
moelectric refrigeration is already 
competitive for applications and 
specialty items where the Btu re- 
quirements are low, where manu- 
facturing costs and cost of opera- 
tion are not important, or where 
conventional refrigeration cannot 
be used satisfactorily because of 
space limitations or other reasons. 
Therefore, the most promising uses 
for thermoelectric refrigeration in 
the near future are in the military, 
for instrument application, and for 
certain specialty items in the ap- 
pliance market where only a mod- 
erate amount of cooling is neces- 
sary. However, as materials im- 
prove and manufacturing tech- 
niques are refined, thermoelectric 
refrigeration will become more at- 
tractive for application to the 
major appliances. It is not expect- 
ed, however, that it will ever be a 
serious contender in the air con- 
ditioner market unless some major 
break-through occurs in solid-state 
physics and in engineering tech- 
nology. 
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Combustion in the heating industry 





Kevnoting the conference, ASHRAE’s 
Research Director cited its purpose to 
be a search for the most pressing 
needs in combustion research in the 
heating field. He mentioned that by 
far most of the energy for man’s use 
must continue to derive from the com- 
bustion process even though nuclear 
reactions are becoming important as 
a future source of energy. During 
the last decade, an enormous amount 
of research has been carried out rela- 
tive to the high energy release rates 
associated with jet propulsion, rockets, 
and gas turbines, and our knowledge 
in this field has been enhanced great- 
ly. Unfortunately, the research as- 
pects of combustion in the less spec- 
tacular field of heating usage have 
been neglected. Nevertheless, a large 
segment of our economy is associated 
with the use of combustion for heat- 
ing, using gaseous, liquid and solid 
fuels. Proper utilization of these fuels 
is important in many aspects; ranging 
from the economic to that of air-pol- 
lution control. 


Burner performance and fuel-oil 
properties — R. P. Gilmartin,+ open- 
ing panelist, discussed significant prop- 
erties of fuel oils, indicating the im- 
portance of inherent factors, such as 
residual carbon, distillation tests, and 
color tests. He indicated the joint re- 
sponsibility of petroleum manufac- 
turers and equipment manufacturers 
in developing a product of maximum 
utilitv to the user and reported on the 
considerable research work that is 
currently being carried on in the labo- 
ratories of many petroleum refiners 
and also told of the program of re- 
search investigation being conducted 
by the American Petroleum Institute. 
R. C. Wrighttt continued the 
discussion and called attention to 
* ASHRAE, Director of Research 
** Crane Company 


+ Gulf Research and Development Company 
+} Iron Fireman Manufacturing Company 
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There was an all-day conference covering various aspects of 
combustion at ASHRAE Research Laboratory in Cleveland on 
May 21, 1959. The meeting, under the chairmanship of Malcolm 
W. McRae,** brought together eleven panel speakers, each a 
specialist in his field, to discuss separate topics of the program. 
Following these presentations, there was an open discussion of 
viewpoints by the 100 or so in attendance and the speakers. 





BURGESS H. JENNINGS*® 


some problems associated with the 
character of the fuel as related to 
burning. He stated: “Number 6 fuel 
oil (sometimes called “Bunker C,’ and 
out on the Pacific Coast, “PS-400’) is 
not normally used for commercial 
heating, but since its low cost and 
high heating value makes it an attrac- 
tive fuel, a few words about it are in 
order. No. 6 is a black, viscous fluid 
which requires heating, to condition 
it for burning. The investment re- 
quired for suitable heating and pump- 
ing equipment makes No. 6 impracti- 
cal for small automatic heating plants. 
There is no exact capacity which can 
be called the minimum practical fir- 
ing rate for No. 6 fuel, but it is prob- 
ably somewhere around 25 gph. There 
are, of course, many smaller units 
burning No. 6 oil with satisfactory 
results in a particular plant, and even 
larger capacity installations where 
lighter fuels are preferable. Even 
where adequate heating equipment is 
available, there is a problem of ad- 
justing the temperature regulators to 
follow the changing viscosity of the 
fuel. The commercial standard speci- 
fications for heavy fuel oil permit a 
wide range in viscosity. For example, 
No. 6 oil may vary from approximate- 
ly 750 S.S.U. to 8,000 S.S.U. at 100 
F. Assume, for example, that for best 
results in a particular plant, the burn- 


ing equipment should be supplied 





with oil at 300 S.S.U. This means that 
the oil temperature regulator might 
require adjustment from 135 to 200F 
to compensate for the possible viscos- 
ity range. 

Number 5 oil also requires heat- 
ing for burning, but the lighter or less 
viscous grades of No. 5 can be burned 
cold under some conditions. This 
borderline condition between hot and 
cold oil of the same grade has been 
responsible for many cases of faulty 
operation and poor combustion. At 
70 F, No. 5 fuel can range from about 
250 to 2,000 S.S.U. A_ particular 
burner may work well with one load 
of unheated No. 5 oil, but be quite 
unsatisfactory with a subsequent load 
of heavier oil. This frequently hap- 
pens when a user changes suppliers or 
may even occur between loads from 
the same supplier. A plant with a 
small storage tank may work well in 
the winter time when it is refilled 
frequently with warm oil from the 
supplier’s tank truck, but give trouble 
in the spring and fall when demand 
is light and the longer periods be- 
tween filling the tank allow the oil to 
cool. For complete _ satisfaction, 
therefore, No. 5 oil, like No. 6 by 
current standards should be used only 
where oil-heating equipment is avail- 
able. This generally requires too great 
an investment in equipment for small 
installations. 

No. 5 probably gives more trou- 
ble from the standpoint of stability 
than any other grade. There are two 
kinds of instability. The first is the 
tendency for deposits to foul heat 
exchanger surfaces. There are test 
procedures for measuring this char- 
acteristic. A stability test is used by 
the Navy, but is not part of Commer- 
cial Standard specifications. The other 
form of instability is gravity separa- 
tion in the storage tank. This is 4 
common problem where No. 5 oil Is 
concocted by a distributor by mixing 
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No. 6 and No. 2. These mixtures are 
frequently unstable, when the sepa- 
rate components are not compatible 
or the mixing procedure is not ade- 
vate. This situation might be cor- 
rected by adding to the Commercial 
Standard specifications the require- 
ment that blending of fuel oils must 
be done at the refinery from com- 
patible stocks. 

No. 4 fuel does not warrant much 
discussion because its use is rather 
limited, due to limited availability. 

No. 2 fuel oil is the product of 
most importance for oil-fired residen- 
tial systems, and is likewise most 
widely used for small commercial 
heating. Thanks to our competitive 
American system of free enterprise, 
our petroleum industry makes avail- 
able almost everywhere an unlimited 
supply of notably high-quality heat- 
ing oil. My company’s experience, 
and others in the oil burner industry 
have the same experience, indicates 
that fuels produced and distributed 
by major brand name companies is 
remarkably uniform and high in qual- 
ity. Obviously, the public benefits 
more from this competitive situation 
than from the protection of Commer- 
cial Standard specifications, because 
the present specifications permit much 
wider variations than occur in the 
fuel. Occasionally, we find indica- 
tions of extreme limit or even sub- 
standard products in places such as 
farm co-ops which buy on specifica- 
tio only, and also occasionally we 
find indications of low quality fuels 
in public buildings where the pur- 
chasing is by specification bid only, 
but that is generally not the case. 

The present relatively broad spe- 
cification range presents a problem to 
the burner designer who must design 
his burner to give acceptable per- 
formance with a relatively wide range 
of fuel characteristics. He could cer- 
tainly do a better job if he had nar- 
rower limits to work with. For exam- 
ple, take A.P.I. gravity. The present 
limits for No. 2 go down to 26. Only 
a small fraction of the available fuels 
on today’s market are below 32 A.P.I. 
gravity, yet our burners are tested by 
approval agencies with 26 gravity 
fuel. If the minimum gravity for No. 
2 is raised to 32 A.P.1., we might be 
able to design better burners and 
build them at less cost. 


Viscosity is an even more impor- 
tant characteristic. This determines 
the rate at which oil flows through a 
nozzle orifice and has an important 
effect upon the quality of atomiza- 
tion. Uniform viscosity is of great 
importance to optimum performance. 

esent No. 2 standards specify a 
maximum viscosity of 4.3 kinematic 
centistokes at 100 F with no minimum 
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As E. O. Olson addressed 
the Conference; M. W. Mc- 
Rae presiding 


limit. The burner could do a better 
job if the upper limit were reduced 
to, say, 3.4 centistokes, and a mini- 
mum established at, say, 2.0 centi- 
stokes. These specific limits represent 
merely an opinion that might well be 
investigated by research and testing. 

Stability is also an important 
characteristic of No. 2 fuel and has 
been a problem. Equipment and ap- 
pliance manufacturers can do little 
about it, but instability has been the 
source of some troubles with small 
capacity burners and we would like to 
see something done about it. The sta- 
bility problem with No. 2 distillate is 
quite different from that with No. 5 
residual. With No. 2, it appears to 
be a gradual changing of the physical 
characteristics with the formation of 
gum and semi-solid constituents in 
what was originally a clear liquid. 
This probably results from actual 
chemical changes, as compared with 
physical separation such as occurs in 
the case of No. 5. 

Some burners are offenders from 
the standpoint of atmospheric pollu- 
tion because they require a warm-u 
period before completely smokeless 
operation is reached. Present day 
standards allow a 15 minute warm-up 
period before reaching the required 
minimum smoke level. In my opinion, 
that is not a good standard because 
most plants in this size use on-off 
control and starting is frequent. This 
is quite different than is the case of 
the larger plants using modulating 
controls which keep the burner in al- 
most continuous operation, and have 
few warm-up periods. ; 

There are burners with combus- 
tion heads which do control the fuel 
and air mixing so that combustion is 
not dependent upon temperature and 
no warm-up period is required. 

The supply of air is also a burner 
function. Burners are either forced 
draft or induced draft, depending 
upon whether the combustion air is 
forced into the combustion zone 
from a blower or is induced by the 
pull of a chimney or fan located in 
the vent outlet. The term “forced 
draft” also has another meaning which 
should be clarified. Most furnaces 
and boilers in this range operate with 
essentially atmospheric pressure in 
the firebox. The furnace pressure is 
generally slightly below atmospheric 
to prevent leakage of products of 
combustion, but only slightly so to 





reduce losses due to infiltration of 
excess air. This furnace pressure is 
usually a delicate balance and has an 
important bearing on efficiency of 
operation. Some boilers operate with 
sealed fireboxes under pressure. This 
type of operation is also generally re- 
ferred to as “forced draft.” Firebox 
pressures may be any amount up to 
several inches of water, depending 
upon boiler design from the stand- 
point of pressure loss through the gas 
passages and depending upon the de- 
sign of the venting system. 

The presently accepted method 
for smoke determination might be fur- 
ther developed to establish quantita- 
tive measures of carbon effluent in 
the exhausted products of combus- 
tion. Future studies of atmospheric 
pollution could use such a procedure. 
The test procedure consists of draw- 
ing a specific volume of flue gas 
through a specific area of calibrated 
filter paper and comparing the color 
of the paper with a standard chart. 
This gives a basis for comparison 
relative to other burners. Possibly, a 
little more research with this method 
would also let us tell with some de- 
gree of accuracy just how much car- 
bon one gallon of oil discharges into 
the atmosphere when producing a No. 
2 smoke. Certainly, we have come a 
long way already. It was only a few 
years ago that smoke was measured 
by visual comparison of the discharge 
from the top of the stack with a chart. 
These charts were called “Ringleman 
Smoke Numbers.” It is interesting to 
note that the least smoke visible on 
the Ringleman scale indicates more 
smoke than the darkest or No. 9 spot 
on the Shell-Bacharach scale.” 

]. G. Partch® called attention to 
the fact that since 1955, the U.S. 
Bureau of Mines, at the request of 
the Oil Heat Institute of America, has 
published an annual survey of fuel oil 

uality. The information compiled in 
this survey is supplied by the various 
refiners on their own products in ac- 
cordance with instructions issued by 


* Standard Oil Company (Ohio) 
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the American Petroleum Institute and 
determined by standard ASTM test 
methods. With the advent of this sur- 
vey, it has been easy to study the 
variation in fuel oil quality through- 
out the country. 

He noted that a number of 
changes in specifications had been 
under consideration and discussed 
these in detail. He then discussed 
what the refiner can do about making 
No. 2 oil to meet more restrictive spe- 
cifications. The refiner has several 
ways in which he can control the 
quality of his furnace oil production 
as far as gravity, viscosity and vola- 
tility are concerned, namely crude 
selection, distillation, cat-cracker op- 
eration and blending. 

“Crude selection does offer some 
control. However, crude selection is 
an economic consideration weighing 
yield and quality of all products from 
a given crude with several other fac- 
tors such as location, transportation, 
availability, etc. Almost never can a 
refiner select a crude on the basis of 
furnace oil quality alone. 

“Distillation of both straight run 
and cat-cracked stocks is an important 
means of control of furnace-oil qual- 
ity, but again the determination of the 
distillation cut points is based not on 
No. 2 fuel oil alone. This is again a 
compromise which provides the best 
yield and quality relationship for the 
entire distillate product mix. It would 
be well to mention here the inter- 
dependence of these critical proper- 
ties we have been discussing. For a 
given virgin stock, the gravity and 
viscosity, as well as pour point, are 
determined by the boiling range or 
volatility. 

“Catalytic cracking — a process 
adopted to improve yield and quality 
of gasoline — provides components for 
fuel oil production differing in these 
critical properties from virgin stocks 
Once again, cat cracker operation and 
distillation cuts of the cracked stocks 
are not determined by the needs of 
No. 2 fuel oil alone. To make matters 
still more complicated, the operating 
conditions of the cracker are usually 
varied, depending upon the seasonal 
demand for gasoline or fuel oil. These 
seasonal changes usually also affect 
the quality of the fuel oil blending 
stocks produced. Here, again, we 
have a relationship between these 
critical properties. Cat cracked stocks 
have a different relationship between 
volatility on one hand and gravity 
and viscosity on the other hand than 
do virgin stocks. This relationship is 
a function of the cat cracker oper- 
ating conditions. 

“Control of fuel oil quality by 
blending is the refiner’s ‘ace-up-his- 
sleeve. The stocks which he _ has 
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available to blend do not just happen 
but rather have been designed, de- 
spite the various necessary compro- 
mises, to enable him to produce his 
specified quality of furnace oil. The 
fact that most major refiners have 
their own specifications — narrower 
than CS 12-48 — which they can meet 
consistently, speaks well for their abil- 
ity to blend and for the overall plan- 
ning of their operations. The Bureau 
of Mines Survey shows that in 1958, 
as in previous years, the bulk of No. 
2 fuel oils marketed in the U.S. was 
significantly better than required by 
CS 12-48. Some tightening of this 
standard undoubtedly could and 
should be done. However, the need 
for these changes should be based 
on the fact that the burner manu- 
facturers can and will take advantage 
of closer oil specifications to improve 
burner design. If there is a need for 
an industry research program, perhaps 
it is in the area of designing better 
burners for better fuels.” 


Atomization of liquid fuels —E. O. 
Olson® opened the discussion of this 
topic by calling attention to the func- 
tions performed by the atomizing 
nozzle to prepare liquid fuel for com- 
bustion, noting that atomization of 
the fuel increases the area exposed to 
air, thus permitting increased rates 
of combustion and better control. 
With a 1.0 gallon-per-hour, 80° noz- 
zle the fuel surface area is increased 
approximately 3500 times in the 
atomizing nozzle. Fuel is supplied 
under pressure to the nozzle, and the 
nozzle serves as a metering orifice. 
Finally, the atomizing nozzle dis- 
charges the finely divided spray into 
the combustion chamber in a pattern 
suited to the particular burner air 
pattern. 

“In most of the nozzles used in 
combustion applications in which 
pressure-atomizing, swirl-chamber noz- 
zles deliver a cone spray,” stated the 
speaker, “it was noted that the mech- 
anism of breakup in this type of noz- 
zle is the same as for all pressure 
atomizing equipment, namely: 


A liquid is formed into a thin film, 
divergent in its direction of travel. 


Ligaments break off from the end 
of the film approximately at right 
angles to the direction of flow. 


Ligaments break up further into 
droplets by the action of the liquid 
surface tension and by the resist- 
ance of the air through which the 
liquid is traveling. 

Droplet size in a spray varies ap- 
proximately inversely as the 0.3 
power of the pressure. 


* Delavan Manufacturing Co. 





Droplet size in the spray increases 
as the spray angle decreases, ag. 
suming constant discharge rate, 


Droplet size increases with an ip. 
crease in discharge rate at the same 
supply pressure and spray angle, 
Discharge rate varies as square root 
of pressure. 

“The cone spray nozzle has sey. 
eral advantages over other types of 
atomizing devices. This type of noz 
zle is cheap and can be made rel. 
tively small in size. It can also be 
made into a wide range of 
angles from 30 to 100°. This type of 
nozzle can be made to deliver 
patterns ranging from heavy-center, 
“solid-cone” nozzles to a completely 
hollow-cone type of spray. 

“The cone spray nozzle of the sim 
plex type has several disadvantages, 
In the low flow rates the dimensions 
of the metering passages are very 
small, thus presenting a problem of 
plugging with foreign matter in the 
fuel or in handling. Because of these 
small dimensions, a lower limit of 05 
gallon per hour seems to be practical. 
This is not the most ideal equipment 
for handling high viscosity fuel. The 
nozzle is subject to changes in flow 
rates, spray angles and droplet sizes 
with changes in viscosity. This 
of nozzle does not lend itself to oper 
ation at low pressure.” 

The speaker then brought to the 
attention of the group a listing of 
areas in which improvements or 
changes are desirable relative to pres 
sure atomizing equipment, nail 

For the smaller sizes of pressure 
atomizing nozzles fuel viscosity 
should not be above 2.75 centi- 
stokes at 100 F. 


Fuel should be stable and free of 
gum and sludge. 


Pumps supplying fuel to nozzles as 
they are used today might possibly 
be redesigned to use less power. 
Only a very small fraction of the 
power supplied to the pump is used 
in atomizing fuel. 


It may be possible to design bum- 
ers to handle the larger droplets 
which would be produced by noz 
zles operating at lower than cus 
tomary pressures. 


Air atomizing equipment has roved 
itself to be free of some of the dis- 
advantages of pressure atomizing 
equipment. It may be possible to 
reduce the cost of such equipment 
below what it is at the present time. 


Other means of atomizing liquids 
may be discovered. 


A completely new concept in fuel 
burning which may or may not if 
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clude atomization of the liquid may 
be possible.” 


John A. Bolt,° supplementing the 
other speakers, called attention to 
methods of removing and eliminating 
contaminants. External to the system 
he indicated the desirability of im- 
proved fuel-oil handling techniques, 

ater use of anti-rust agents in the 
Pel closer attention to removal of 
water, and the need of better filters 
and screens in fuel lines, pumps, and 
nozzles. Internally he noted that 
continuing attention should be pro- 
vided to produce a more stable fuel 
both in storage and in use. In stor- 
age the problems of color change, 
sediment formation, and soluble gums 
all arise. Stability can be improved 
by better blending of stable stocks 
giving specific treatments to the 
stocks and making use of additives. 
Not only is storage stability impor- 
tant, but also thermal stability as the 
oil moves into svstem zones of ele- 
vated temperature. As possible areas 
of future research, he called attention 
to the need of controlling fuel clean- 
liness by improved filters, water and 
dirt separators and repeated the need 
for developing better tests for de- 
termination of fuel stability. 


Mixing of fuels and air—A. A. Put- 
nam®* started the discussion of this 
topic. Regardless of what other things 
are necessary concerning the combus- 
tion process, it is imperative that to 
bum a liquid fuel properly, good 
mixing must occur. For high energy 
outputs, intense mixing turbulence 
between the air and the fuel must be 
produced. 

The first factor of importance in 
the mixing problem is the amount of 
momentum or “push” imparted to the 
fuel. If only an axially directed spray 
were used, as in the fuel jet of a 
diese] injector, the momentum effects 
would be quite simple to deduce. 
However, for conventional atomizing 
nozzles, where the spray exists in a 
slid—or hollow-cone pattern; there 
is little information concerning the 
implications of the momentum-mass 
fow relations of such patterns on the 
over-all flow of fuel, air, and products 
of combustion. 

More important than imparting 
momentum to the air, however, is the 
atomizing function of the nozzle. The 
Process of atomizing with conven- 
tional nozzles is extremely inefficient 
from an energy viewpoint. Thus, there 
S reason to believe that by modified 

ign, atomization alone could be 
hieved at less expenditure of energy 
Without sacrificing a desirable droplet- 


‘ 
Standard Oil Co. of Indiana 
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... burner manufacturers can and will 
take advantage of closer oil specifica- 
tions to improve burner design. 


... continuing attention should be pro- 
vided to produce a more stable fuel 
both in storage and use. 


...a Stable diffusion flame has a pre- 
mixed flame as a leading edge; in a 
turbulent diffusion flame, this leading 
edge will distort and move about. 











size distribution; the limit might be 
more in how much we can sacrifice 
the help of fuel momentum in our 
mixing process. In other words, we 
need energy to transport the fuel to 
desired locations. 

Recent studies of the aspiration 
of air by fuel nozzles in completely 
open systems show that a fuel spray 
causes its own segregation by self 
aspirated air. As the air sweeps 
through the spray after being accel- 
erated toward it, the smaller particles 
are aerodynamically swept up first, 
near the point of spray breakup, and 
then the larger ones are picked up 
further from the nozzle. Thus, with 
a hollow-cone spray, the smaller par- 
ticles would be moved into the cen- 
tral region near the apex of the spray 
cone. Since small droplets, below 
about 5 or 10 microns, act as a pre- 
mixed gas once a flame is started, in 
the region inside the cone near the 
apex, conditions should be optimum 
for burning easily as a premixed gas. 

With a conventional blast tube 
in which the air outside the spray has 
an additional velocity component out- 
ward along the spray cone, there is 
a corresponding component of the 
gas flow inside the cone; thus, to pre- 
serve momentum, hot gases must 
often be brought back along the axis. 
Hot gases are also brought back or 
recirculated from downstream along 
the outside of the blast air. Depend- 
ing on the various momenta involved 
and the amount of exceedingly small 
droplets inside the cone, one might 
have a wide range of mixtures of 
fuel, air, and hot gases. On the basis 
of some recent data, we would want 
a large amount of hot gases and fuel, 
and a small amount of air here. On 
the other hand, if a fuel-air ratio near 
stoichiometric could be attained in 
this critical region, it might be pos- 
sible to propagate a turbulent flame 
against the oncoming air in the cen- 
tral cone, without any reverse flow of 
hot gases. 


It should be noted that a stable 
diffusion flame has a premixed flame 
as a leading edge. In a turbulent dif- 
fusion flame, this leading edge will 
distort and move about to find ac- 
ceptable conditions of fuel and oxy- 
gen, sufficiently hot to burn with the 
additional heat flux from the flame. 
There is even evidence of spontaneous 
spots of ignition in a turbulent diffu- 
sion flame as these three requirements 
are satisfied concurrently in a given 
region. However, again, the accepta- 
ble limits of these requirements are 
not entirely clear. 

Throughout the previous discus- 
sion, we have emphasized the need 
for properly mixing products of com- 
bustion with vaporized fuel and 
fresh air. An interesting feature is 
that even if this use of products of 
combustion were not required for 
other purposes, recent studies have 
shown that higher rates of combustion 
per unit volume may be obtained by 
the proper recirculation of hot prod- 
ucts. However, the important point 
to us, knowing that we need recircu- 
lation, is how to obtain, control, and 
predict it. Fortunately, from our 
point of view, the recent theoretical 
success in predicting results for a 
simple system implies that the prob- 
lem cannot be too much more diffi- 
cult for the flow and flame of the oil 
burner, within the limits of accuracy 
we need. 

Walter B. Kirk® discussed the 
mixing of fuel gas and air and for the 
conference, he and an associate, E. J. 
Weber, had prepared a comprehen- 
sive paper. They noted that the mix- 
ing of fuel gas and air in domestic 
gas-burning equipment usually occurs 
in two stages. Hence, this subject of 
fuel-air mixing may be conveniently 
studied under the separate phases of 
primary aeration and secondary aera- 
tion. Up to the present, research has 
devoted considerably more attention 
to primary aeration than to secondary 
aeration. However, the complications 
of secondary aeration are now well 
appreciated, and at the same time, 
there is still a need for better under- 
standing of primary aeration. So each 
stage in the aeration of fuel gas may 
well be a subject for further re- 
search. 

“The primary air injected into the 
mixer tubes of drilled port burners is 
completely mixed with the fuel, for 
all practical purposes, in a travel of 
six to eight throat diameters. With a 
single port burner, having no burner 
head, it is questionable that complete 
mixing is ever obtained. However, 
the problems connected with primary 
aeration are not necessarily those of 
mixing, but rather of how to obtain all 
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the primary air which may be de- 
sired and how to satisfactorily use the 
primary air once it is obtained. 

Past research has attempted to 
derive relationships between primary 
air entrainment and burner design 
based on momentum exchange or on 
energy balances. Such relationships, 
being mainly empirical in nature, de- 
scribe quite well the special condi- 
tions from which they were derived. 
However, they are not entirely satis- 
factory when applied to the many 
variations in design which can be 
concocted by engineers. 

It is recognized that the mo- 
mentum of the gas jet is only partly 
recovered in the momentum of the 
mixture of fuel gas and air leaving 
the burner ports. Friction with walls 
of the burner, back pressure of the 
flame, bouyancy of the mixture and 
the nature of the velocity distribution 
profile in the mixer tube are some of 
the factors which account for the un- 
recovered momentum. Actually, it is 
the complications introduced by these 
losses which, at present, make it 
difficult to predict with complete ac- 
curacy, the primary air injection of 
the. atmospheric gas burner. 

It is possible that further funda- 
mental studies of primary air entrain- 
ment would lead to higher efficiencies 
for this process. At present, good 
burners recover almost 65 per cent of 
the gas jet momentum. So there is 
some room for improvement. 

Today, 100-per-cent-primary-air, 
radiant-type burners, which were 
made possible through modern tech- 
niques and materials, are obtaining 
wide usage. If the efficiency of pri- 
mary air entrainment could be in- 
creased, the radiation intensity of 
these burners would be much greater. 
Looking to the future, burners of this 
type with improved radiation charac- 
teristics could be combined with 
thermionic devices for the direct con- 
version of heat to electricity. Such 
a combination would be more simple 
and flexible than power burners 
which, at present, appear necessary 
for this application. ; 

There are also indications that 
the use of flame retention devices 
may obtain more acceptance in do- 
mestic gas burner designs. Such de- 
vices improve flame stability in that 
they practically eliminate the prob- 
lems of flame blow-off. 

The second stage of aeration of 
flames of domestic gas burners is, for 
all practical purposes, limited to a 
simple diffusion process. Of course, 
the amount of secondary aeration is 
held to a minimum conducive to 
complete combustion in order to ob- 
tain a high thermal efficiency. The 
principal problem of secondary aera- 
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tion, therefore, centers around com- 
pleteness of combustion with a mini- 
mum of aeration. 

The normal flow patterns in a 
combustion chamber include a down- 
ward flow of combustion products 
along the chamber walls. At some 
level in the chamber, this flow stream 
breaks from the walls and proceeds 
across the chamber to the flame. Un- 
fortunately, these recirculating inert 
gases mix with the secondary air 
stream, and thereby, interfere with 
the combustion reaction. The flames 
will attempt to adapt themselves to 
this vitiated air supply by lengthening 
out to increase the area for diffusion. 
Most often, however, an excess of 
secondary air must be supplied to an 
appliance in order to obtain a rea- 
sonable oxygen concentration in the 
gases around the flame. 

The effects of these recirculating 
combustion gases can, of course, be 
controlled by design. Tall, wide com- 
bustion chambers promote recircula- 
tion while short, narrow chambers 





"It seems reasonable to expect that 
continuing valuable information of the 
combustion mechanism will ultimately 
filter into the less spectacular com- 
bustion fields associated with heating." 











tend to inhibit recirculation. Baffles 
above the flame reduce the effective 
height of a combustion chamber while 
baffles along the sides of the flame 
can serve to deflect the flow of inert 
gas away from the flame and the sec- 
ondary air stream. Geometry of the 
burner, the amount of primary aera- 
tion and the magnitude of the fuel 
input rate are among other factors 
which modify the effects of recircu- 
lation. While there is some qualita- 
tive information available on these 
factors, considerable research work is 
needed to obtain the quantitative re- 
lationships.” 

Richard G. McCafferty® dis- 
cussed the topic of stabilization of 
combustion. He considered this mat- 
ter largely in terms of high energy 
release combustion, such as is met in 
turbo-jet, ram-jet and after-burner 
combustion systems associated with 
aeronautical propulsion. The prob- 
lems in this field are more severe than 
those met in ordinary heating-system 
combustion, which is carried out at 
lower-energy-release rates. Neverthe- 
less, similar problems exist in both 


* National Aeronautics and Space Administra- 
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systems, and some of the forward 
thinking carried out in propulsion 
systems may ultimately filter down to 
combustion problems relative to heat. 
ing. He discussed the stability mech. 
anism where bluff-body flame holders 
are used to position a flame and main. 
tain stability and promote continuous 
combustion. A recirculation area be. 
hind the bluff-body contributes to the 
mixing problem and the stabilized 
flame. He considered the use of bluf 
bodies on flame stability and also 
mentioned that certain additives could 
contribute to the stability problem, 
It seems reasonable to expect that 
continuing valuable information of 
the combustion mechanism will ulti- 
mately filter into the less spectacular 
combustion fields associated with heat. 


ing. 


Combustion in relation to air pollu. 
tion — Wesley L. C. Hemeon® called 
attention to the problem of air pollu- 
tion in industrial America. He men- 
tioned that the various results of air 
pollution had already been a stimu 
lant to the building of better combus- 
tion equipment. He called attention 
to various phases of air pollution, in- 
cluding the pollution from particulate 
matter and pollution of a chemical 
nature, including such items as partly 
burned hydrocarbons, sulphur diox- 
ide, and the oxides of nitrogen. Some 
of these lead to smog conditions with 
accompanying physical discomforts. 
He mentioned that the trend away 
from solid to gaseous and liquid fuels 
had reduced, to a considerable ex- 
tent, the amount of particulate matter 
in the air. 


COMBUSTION IN THE FUTURE 


Catalytic combustion — Dr. Walter 
Ross** discussed the topic of high- 
temperature catalytic surface combus- 
tion and for the conference, he, along 
with an associate, Howard L. Allen,** 
prepared a comprehensive paper. Sec- 
tions of his paper follow, and at the 
end of this article, with their permis- 
sion, the bibliography which the av 
thors prepared covering the literature 
of catalytic and surface combustion is 
included. This summary should be of 
real interest to those wishing to carry 
out investigations in this field. Aw 
thors Ross and Allen stated that the 
title of their paper more properly 
should be, “High Temperature Cata- 
lytic or Surface Combustion.” From 
the time of the first recognition of 
flameless incandescent combustion 0 
the present day, there has been col 
troversy as to what part, if any, cata 
lysis plays in the phenomenon. 

A catalytic agent is a substance 





* Hemeon Associates, Pittsburgh 
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which by its mere presence alters the 
yelocity of a reaction and which may 
be recovered unaltered in nature and 
amount at the end of the reaction. 
Catalytic processing has long been 
racticed in the chemical industry 
where it is used to produce billions of 
dollars worth of products each year 
such as gasoline, synthetic rubber, 
formaldehyde, ammonia, nitric acid 
and plastics. 

In addition, catalytic oxidation 
has been used in combustion reactions 
in which the desired end result is heat 
generation. The most familiar cata- 
lysts used in such processes are mem- 
bers of the precious metals family 
such as platinum. This type of process 
is generally restricted to relatively 
low temperature applications such as 
the elimination of industrial fumes. 
For example, air streams containing 
hydrocarbons at concentrations below 
the flammable range must be heated 
to 1200 F or more to initiate and 
maintain oxidation, while the same 
streams are readily oxidized over a 
platinum catalyst in the range of 475- 
600 F. 

The process that we visualize as 
an important “combustion of the fu- 
ture,” however, is not this low tem- 
perature precious metal form of cata- 
lytic oxidation. Instead, it is high 
temperature flameless incandescent 
combustion, and herein lies the dilem- 
ma over the physical-chemical mech- 
anism. A familiar case in point is the 
combustion on the surface of a re- 
fractory combustion chamber in a 
conventional oil-burning boiler or fur- 
nace. We all know that once equilib- 
rium is reached, the combustion that 
occurs on these surfaces is intense, 
accelerated, flameless and incandes- 
cent. Is this surface combustion or is 
it catalytic combustion? For those of 
you who quickly and intuitively say 
that this is a clear cut case of surface 
combustion, I hasten to remind you 
of how remarkably well the chamber 
refractory fits the foregoing definition 
of a catalytic agent — to wit, a sub- 
stance which by its mere presence 
alters the velocity of a reaction and 
is recovered unaltered in nature or 
amount at the end of the reaction. 

One explanation of the phenom- 
enon, and the one on which we will 
base the term “catalytic-surface com- 
bustion,” is as follows: 

As the temperature of a sub- 
stance is raised, it exhibits increasing 
catalytic properties. With continued 
temperature elevation, more and more 
materials become more active in this 
sense until, at high incandescence, all 
materials (capable of withstanding 
such temperatures without spalling or 
changing state) exhibit roughly equal 
catalytic activity. This temperature- 
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dependent behavior is based on elec- 
tron emission from the incandescent 
body and consequent ionization of the 
impinging gas molecules, thus causing 
a reaction to take place between the 
mixture of fuel and a _ convenient 
oxidizer, usually air. 

High temperature catalytic-sur- 
face combustion is not new—much of 
the classical as weil as early practical 
work was done around the turn of the 
century. Only quite recently, how- 
ever, has renewed interest and activ- 
ity generated technological break- 
throughs that offer promise of con- 
siderable commercial success. Nor is 
it unusual for an old theory to show 
new practical promise as a result of 
either new technology or the discov- 
ery and synthesis of new materials. 
The current and promising work 
underway in Peltier heating and cool- 
ing and in thermionic conversion at- 
test to this fact. 

The most notable theoretical 
contributions to this field were made 
by two Englishmen in the early 
1900’s, Professor W. A. Bone of Man- 
chester University, who developed a 
theory of flameless incandescent sur- 
face combustion, and H. H. Gray, 
who critically reviewed Bone’s theory 
and followed it with one of his own. 
More recently, two Russians, V. L. 
Korneev and D. M. Khamalyan pro- 
posed a third new theory. 

In 1914, Gray critically review- 
ed Bone’s theory. In so doing, he 
denied the existence or even the ne- 
cessity of any catalytic activity at high 
temperatures and then proposed his 
own explanation of the phenomenon 
which has become known as _ the 
Detonation Theory. 

In his paper, Gray objected 
strongly to a step taken by Bone when 
he discussed catalytic combustion at 
low temperatures and then unhesi- 
tatingly bridged the gap by saving 
that these results are applicable to 
high temperature phenomena. * At low 
temperatures where the natural tend- 
ency for combustion of gaseous mix- 
tures is not too great, the effect of the 
presence of a catalyst can be readily 
proven by experimental means. It is 
questionable, however, whether the 
same reasoning can be applied to the 
reaction at high temperatures with- 
out proving that the natural com- 
bustibility of the “explosive” mixture 
is overcome and replaced by catalysis. 

In his explanation of flame- 
lessness, Gray cited several exam- 
ples of flames where the actual size 
of the flame varies. These are, in 
order of flame size: (1) a luminous 
coal gas flame from a bunsen burner; 
(2) an aerated bunsen flame; (3) an 
over-aerated “roaring” bunsen flame; 
(4) a Meker flame; and (5) an oxy coal- 


gas flame. From this, he noted that 
the size of the flame is reduced in 
proportion to its aeration. A strag- 
gling flame, therefore, could be con- 
sidered as one which is reaching out 
for oxygen and which is not properly 
mixed or “tuned up.” From this, he 
deduced that the aeration is a potent 
factor in producing flamelessness and 
can be explained without the inter- 
vention of catalysis. 

The basis for Gray’s Detonation 
Theory to explain flameless incandes- 
cent surface combustion can be out- 
lined as follows: 


Detonation is a very rapid form of 
combustion which contributes in 
part to flamelessness. 


It is a propagation of chemical 
changes in a gaseous medium which 
is independent of any solid surface 
being present. 


It is set up and propagated by the 
heat generated by any incandescent 
surface. 

The chemical change is propa- 
gated in a thin layer known as a 
wave front. 


The “flamelessness” results from an 
abundant aeration that is necessary 
for detonation to occur. 


The Detonation Theory as ap- 
plied to surface combustion is one in 
which the normally dangerous explo- 
sion wave is prevented by the baffling 
of the granular or porous refractory 
material and the rapid flow of the ex- 
plosive mixture in a direction oppo- 
site the potential direction of the 
explosion wave. 

In 1948, the Russian scientists, 
Korneev and Khamalyan, published 
a paper in which they reported the 
results of their investigation of sur- 
face combustion. They discovered 
that the time-space heat intensity of 
hydrocarbon gases is increased when 
the diameter of the burner is de- 
creased. This is associated with an 
increasing surface area of the flame 
cone per, unit volume. 

Specifically for a C,H,-air mix- 
ture they explained that when the 
burner was of 50 mm diam, the flame 
cone measured 84 mm in length and 
the heat intensity was 88.5 x 10° kcal 
cu m-hr. When a wire net of 2 x 2 mm 
mesh size was introduced, the flame 
was split into a number of micro- 
flames. The length of the cones was 
reduced to 6-8 mm and the heat in- 
tensity increase of 450 per cent was 
brought about by the approximate 
90 per cent decrease in flame-cone 
length. 

From these enlightening results, 
Korneev and Khamalyan concluded 
that the so-called flameless combus- 
tion in layers of refractory materials 
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is nothing other than microflame 
burning. The increased heat inten- 
sity results. from the flame splitting 
into a multitude of small cones and 
not from a catalytic effect of the 
ceramic material. 


Fuel Cells — Dr. Everett Gorin® was 
the final speaker at the conference. 
He discussed the problem of fuel 
cells. By definition, a fuel cell is a 
primary-electrode chemical device 
which uses the oxidation of a fuel to 
convert directly a portion of the heat 
of combustion into electrical energy. 
True fuel cells operate continuously 
with a steady and constant output of 
electrical energy with a supply of fuel 
to the negative electrode and with 
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oxidant supply to the positive elec- 
trode. He mentioned the earlier suc- 
céss which had been attained with 
hydrogen-oxygen cells, but comment- 
ed on the recent success which of a 
CO-CO, fuel mixture operating with 
air employing two porous electrodes 
in gas pressure balance on either side 
of an electrc!yte matrix. Although the 
fuel cell as a direct source of electri- 
cal energy, is still in experimental or 
pilot stage, it nevertheless holds prom- 
ise of becoming a potentially signifi- 
cant source of future power. 
Conference summarization was 
presented by L. N. Hunter* and a 
recommendation was made from the 
floor by Herbert T. Gilkey**® who: 


* National-U. S. Radiator Corp. 
** National Warm Air Heating and Air Condi- 
tioning Association 
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MOVED: Those attending the 

' Combustion Conference ree. 
ommend to the Research and 
Technical Committee that the 
proceedings of the Conference 
be reviewed by appropriate 
Society committees with 4 
view to: 


a. Establishing research op 
some or all of the problems 
outlined at the Conference, 
and to 


b. Aid in establishing or re. 
vising standards on fuel g9 
that development of improved 
fuel burners will be encour. 


aged. 


This motion was seconded and 
unanimously approved. 
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Psychrometric charts are probably 
the most widely used graphical de- 
vices of the refrigerating and air 
conditioning industry. Their prin- 
cipal purpose is to show the rela- 
tion between six major properties 
of moist air: dry bulb temperature, 
wet bulb temperature, moisture 
content (humidity ratio), relative 
humidity, enthalpy, and_ specific 
volume; and to provide graphical 
solutions to processes where air 
changes from one condition to an- 
other. The possible arrangements 
of coordinates and parameters are 
almost unlimited, with the result 
that psychrometric charts have ap- 
peared over the years in a wide 
variety of forms. An important fac- 
tor has been the problem of pre- 
senting a network of so many vari- 
ables in a form that would be 
easily and accurately readable. 

Discussed herein are several 
of the more popular types of psy- 
chrometric charts in the light of 
their present usage and historical 
background. Thermodynamic prin- 
ciples are included only as they 
affect the graphical form, since this 
phase has been liberally treated by 
many others. Similarly, for the 
technique of measuring true wet 
bulb temperatures, the reader is re- 
ferred to the profuse literature’ on 
that subject. 

Even a casual review of psy- 
chrometric charts reveals a di- 
vergence of opinion that has long 
existed between thermodynamicists 
who develop the basic psychro- 
metric data from which charts are 
constructed and engineers who use 
such charts in their day-to-day 
work. So far, no single chart has 
met the perfection desired on the 
one hand in combination with ease 
of use and practical accuracy de- 


_—_— 


1Exponent numerals refer to references at the 
end of this article. 
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D. D. Wile is Vice President, Recold Corpora- 
tion, and First Vice President, ASHRAE. 
‘his Paper is an amplification of a similar 
ussion by the author at a Symposium at 
quette University in February, this year. 
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sired on the other. It is of more 
than passing interest to note that 
these divergent viewpoints are 
exemplified by the charts in the 
most recent ASHAE Guide? and 
ASRE Data Book.® 


Pioneer chart makers—A most sig- 
nificant milestone in the progress 
of air conditioning occurred in 1911 
when Willis Carrier* published a 
rational relation between wet bulb 
temperature and the thermody- 
namic properties of moist air. Car- 
rier made his calculations in 1903, 
only two years after his graduation 
from Cornell University, and began 
his confirming tests in 1904. He, 
however, was not the first to sus- 
pect a thermodynamic basis for the 
wet bulb readings. He credits Ap- 
john’ with having propounded the 
same theory in 1836, although 
Apjohn, using a wet bulb ther- 
mometer in still air, was unable to 
prove his assumptions. Nor was 
Carrier the first to publish a psy- 
chrometric chart. Grosvenor,® in 
1908, published an elaborate chart, 
which, however, did not establish 
the wet bulb lines. 





Any review of psychrometric charts must naturally lead 
to some conclusions and possibly some preferences re- 
garding their general arrangement and structure. This 
comprehensive discussion of the history of the psychro- 
metric chart is thus the author's considered expression 
of opinion regarding some basic and some derived factors. 


rometric charts 


Carrier's historic paper pre- 
sented proof of his assumptions 
and he included a practical psy- 
chrometric chart along with his 
rather complete psychrometric 
data. He thus laid a sound founda- 
tion for the many phases of air 
conditioning even as practiced to- 
day. It is interesting to note that 
the recorded discussions of Car- 
rier’s paper heralded a controversy 
that continues to this day. 


Sigma heat vs. enthalpy contro- 
versy — Fig. 1 is a schematic dia- 
gram of Carrier's 1911 chart. The 
wet bulb line is a path of “adiabatic 
saturation” or of “adiabatic wet 
bulb temperature.” The adiabatic 
saturation process is so vital to 
psychrometry that it will be re- 
viewed briefly here. In Fig. 2 air 
passes through a saturating device 
insulated to prevent flow of heat 
from the outside. As the air picks 
up moisture, there is an_inter- 
«change of sensible and latent heat 
whereby the dry bulb temperature 
is reduced. Wet bulb thermometers 
placed along the path of the air 
will show substantially the same 
readings even though the air enters 
dry and leaves saturated. The wa- 
ter in Fig. 2 will assume the wet 
bulb temperature. If the adiabatic 
process is continuous, water must 
be added to the saturator at the 
wet bulb temperature, t’. 

It is significant that while the 
sensible heat decrease of the air 
exactly equals its increase of latent 
heat, in this adiabatic process, 
there will be a small change of 
enthalpy. Enthalpy is measured 
from an arbitrary base, usually 32 
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Fig. 1 Psychrometric chart 
of W. H. Carrier 


This is a simplified diagram of 
Carrier’s original psychrometric 
chart, published in 1911. Al- 
though not the first published 
chart, it was based on rational 
principles and marked the start 
of modern air conditioning sci- 
ence. While basically sound, 
this chart elicited criticism from 
the thermodynamicist by use of 
the term “total heat” to define 
the wet bulb line. Carrier later 
adopted the term “Sigma Heat” 
(see text). 


F for water or water vapor. Thus 
the enthalpy of the air, in an 
adiabatic saturating process, in- 
creases slightly with increasing 
moisture content due to the en- 
thalpy of the water above the ar- 
bitrary 32 F base. 

The equation of a wet bulb 
line, in relation to moisture con- 


tent (W) and enthalpy (H), is 
H—-H,+ Wf’ (1) 


where H, is the enthalpy of dry 
air at wet bulb temperature t/ and 
f’ is the enthalpy of water at the 
wet bulb temperature, (t’-32) for 
all practical purposes. 

In the comfort air conditioning 
range, the wet bulb lines, as de- 
fined by Equation 1, incline so 
slightly from the enthalpy lines as 
to cause difficult reading when 
both wet bulb lines and enthalpy 
lines are shown. Numerous expe- 
dients, intended to improve this 
situation, have evolved over the 
years. 

In Carrier's 1911 chart, as 
shown in Fig. 1, the “total heat” 
(the word enthalpy had not yet 
come into use) scale at the left is 
actually the enthalpy of dry air at 
the wet bulb temperature and dif- 
fered from total heat by the term 
WF. Use of “total heat” in this 
connection was unfortunate and 
drew considerable criticism even 
though Carrier’s text carefully ex- 
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CONDITION OF AIR Re MOIST SATURATED 
MOISTURE CONTENT™ 0 w Ws 
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ENTHALPY OF MOISTURE“ O wit'-32) W, (t'-32) 
ENTHALPY OF AiR * Ne ha+ Wit'-32) hq+Ws(t'- 32) 


“PER POUND DRY AIR 


Fig. 2 Adiabatic saturation 
process 


Not quite as simple as first ap- 
pears. Dry air entering the 
saturator from the left leaves 
saturated at the right. Its wet 
bulb temperature remains sub- 
stantially constant, Latent heat 
increase exactly equals sensible 
heat decrease, but there will be 
a small gain of enthalpy due to 
the enthalpy of the added mois- 
ture. 


plained the adiabatic saturation 
process. Carrier later’ introduced 
“sigma heat” in place of the er- 
roneous “total heat,” and that term 
was widely used on psychrometric 
charts until recent years. Deviation 
of sigma heat from enthalpy, as 
expressed by the term Wf in 
Equation 1, seldom caused errors 
in computed load of more than 
1.5% and was frequently ignored. 
More often, the significance of 
sigma heat was not clearly under- 
stood. Arrangement of the sigma 
heat scale contributed to the con- 
fusion because its readings were 
projected from the saturation curve 
while it actually represented the 
enthalpy corresponding to the wet 
bulb temperature at zero moisture 
content. 


Enthalpy at saturation — A signifi- 
cant contribution to chart construc- 
tion was made by F. O. Urban,’ of 
the General Electric Company, 
with a chart copyrighted in 1934 
and shown diagrammatically in 
Fig. 3. Urban introduced the diag- 
onal scale of enthalpy rather than 
projecting to an auxiliary curve as 
in Fig. 1. Then, instead of the 
sigma heat function, he used “en- 
thalpy at saturation” although he 
called it “total heat.” 

Actual enthalpy, along the wet 
bulb line, deviates from enthalpy 
at saturation by the term (W, — 
W)f’ which follows from Equation 
1 by writing 


mm = H+ W.f (2) 
and 

H = H, — (W. — W)f’ (3) 
where 


H, W = enthalpy* and moisture con- 
tent* at any point along the 
wet bulb line t’. 
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Fig. 3 Psychrometric chart 
of F. O. Urban 


Psychrometric charts became 
more practical and easier to use 
in 1934 with this arrangement 
by F. O. Urban. He: (1) Re- 
placed the auxiliary enthalpy 
curve and vertical scale by a 
simple diagonal scale; (2) re- 
placed the confusing ‘Sigma 
Heat”? with enthalpy at satura- 
tion (unfortunately called ‘‘total 
heat’); (3) replaced auxiliary 
curves and scales for volume by 
placing widely spaced volume 
lines directly on the chart. 


H., H, =enthalpy* of dry and sat- 
urated air at t’. 


W,=moistures content* of air 
saturated at t’. 


f’ = enthalpy of water at t’. 
’ per pound of dry air 

The deviation term (W,—W)f’ 
in Equation 3 is somewhat more 
complex than the deviation from 
sigma heat (Wf’) in Equation 1, 
but in comfort air conditioning is 
generally of smaller magnitude. 

The relation between enthalpy 
at saturation and sigma heat is 
shown in Fig. 4, where it should 
be noted that deviation of the wet 
bulb line from enthalpy at satura- 
tion is small near the saturation 
curve; while its deviation from 
sigma heat is small at low humid- 
ity. For comfort air conditioning 
processes, the deviation of enthalpy 
at saturation is usually ignored 
without significant error in the heat 
load calculation. This deviation 
cannot, however, be ignored where 
precise load calculations are essen- 
tial, such as in laboratory work. 

The constant volume lines, 
shown diagrammatically in Fig. 3, 
were also original with Urban. 
Since volume changes are small 
over the range of the chart, the 
lines can be widely spaced, pro- 
vide a convenient index of volume 
and eliminate the complex scale 
arrangements that appeared on 
previous charts. 


Enthalpy deviation contours — In 
1946 Palmatier and Wile* intro- 
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Fig. 4 Relation between 
enthalpy at saturation and 
sigma heat 


Here exaggerated. For air con- 
ditioning and refrigerating proc- 
esses, as represented by lines 
A-B and C-D, the deviation 
from true enthalpy is less when 
using an “enthalpy at satura- 
tion” seale. For processes at 
extremely low humidities, repre- 
sented by line E-F, the deviation 
would be less when using a “Sig- 
ma Function” scale. On actual 
charts, the enthalpy lines are so 
nearly parallel to the wet bulb 
lines that some expedient must 
be used to avoid confusion, 


duced a chart, shown schematically 
in Fig. 5, that used Urban’s en- 
thalpy at saturation concept, but 
added “enthalpy deviation” con- 
tours. These show at a glance the 
deviation of enthalpy at saturation 
from the true enthalpy at any point 
along a wet bulb line, permitting 
precise determination of enthalpy 


without using both wet bulb and 


enthalpy lines. Since the deviations 
are relatively small, the contours 
can be widely spaced and add little 
complication to the chart structure. 
A chart of this type has been used 
in the ASRE Data Book since 1947. 


Reduced enthalpy — In an effort to 
avoid the confusion between wet 
bulb and enthalpy lines, Goff? pre- 
pared a chart in 1945 having “re- 
duced enthalpy” lines (H—1000W), 
as shown in Fig. 6. This device, 
for rotating the enthalpy lines, re- 
quired additional calculations and, 
furthermore, the position of the 
reduced enthalpy lines became 
nearly parallel to the dry bulb 
lines. This chart was supplied with 
the ASHVE Guide through 1950. 
Following that time the Guide 
chart, as proposed by Nottage,"® 
has presented both wet bulb and 
enthalpy lines as shown in Fig. 7. 
Confusion of these nearly parallel 
lines is only partly avoided by the 
use of solid black lines for one and 
dashed-red lines for the other. 
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Fig. 5 Psychrometric chart 
of E. P. Palmatier and D. D. 
Wile, using the enthalpy de- 
viation contours 


The recent ASRE Data Book 
charts use “Enthalpy Deviation 
contours”’ for easy determination 
of the small enthalpy deviation 
along the wet bulb lines. The 
diagram at upper left gives the 
enthalpy of water, added or re- 
jected from the air. 


Enthalpy of the added or rejected 
moisture — When moisture, at the 
wet bulb temperature, is added to 
or rejected from air, it carries a 
quantity of heat that is commonly 
ignored without involving signifi- 
cant errors in comfort air condi- 
tioning load calculations. How- 
ever, the error from this source fre- 
quently exceeds the enthalpy de- 
viations previously discussed and 
should not be neglected where pre- 
cise results are desired. In addi- 
tion, this error may become sig- 
nificant where moisture is rejected 
in the form of ice or the added 
water is heated or cooled. 

While the enthalpy of the 
added or rejected moisture is cal- 
culated easily, it can be conven- 
iently determined from a simple 
diagram such as shown in the up- 
per left hand corner of Fig. 5 
(the ASRE chart). The actual chart 
represented by Fig. 5 had a similar 
diagram ‘for enthalpy of ice at 
various temperatures. 

A different approach to the 
enthalpy of added or rejected 
moisture was published by Kep- 
pler™ in 1934 and has appeared 
in modified form on the ASHAFE 
charts since 1945. A protractor, as 
shown in Fig. 7, determines, by the 
slope of the process line, the heat 
added or rejected per lb of water. 
This device offers some conven- 
ience where water is the only 
source of heat, such as cooling with 
chilled water or humidifying with 
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Fig. 6 ASHVE Guide chart 
of 1945 


Here “Reduced Enthalpy’’ was 
used as a device to avoid con- 
fusion between wet bulb and 
enthalpy lines. The “reduced 
enthalpy” lines however involved 
added calculations and also be- 
came nearly parallel with the 
dry bulb lines. This chart used 
“Relative Saturation” (related 
to moisture content) rather than 
the familiar ‘Relative Humid- 
ity”. The small protractor gives 
the enthalpy of added or rejected 
water, 


hot water or steam. When heat is 
added or removed by other sources 
in addition to the water, the meth- 
od appears to offer little advantage 
over reading enthalpy changes 
from the conventional enthalpy 
scale. 


Relative humidity vs. relative satu- 
ration — During recent years, there 
have been efforts to replace or sup- 
plement the familiar “relative hu- 
midity,” based upon vapor pres- 
sure, with the ratio of the moisture 
in one lb of dry air to its moisture 
content at saturation. This latter 
ratio has assumed various names, 
including “degree of saturation,” 
“per cent saturation” and “percent- 
age humidity,” but will be called 
“relative saturation” in this paper. 
The principal argument for 
relative saturation states that it is 
based upon actual quantities rather 
than upon vapor pressure which 
is, in itself, a derived quantity. The 
arguments for relative humidity as 
presented in a previous paper® are: 
Per cent saturation loses its sig- 
nificance above 212F where 
moisture content per lb of dry 
air at saturation becomes infin- 
ity. 
A chart which shows relative 
humidity also provides per cent 
saturation by the division of two 
moisture contents, while a chart 
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showing per cent saturation pro- 
vides no simple means of de- 
termining relative humidity. 
Instruments and controls are still 
calibrated in terms of relative 
humidity. 

Relative humidity is an accepted 
factor of human comfort and the 
effect of moist air on materials. 


Historically, relative humidity 
was well established with the use 
of the wet bulb thermometer by 
Baume™® (of hydrometer fame) in 
1758 to measure “the evaporative 
power of air,” which is most prob- 
ably related to vapor pressure. In 
meteorology the dew point instru- 
ment has long been used to meas- 
ure the humidity of air. Dew point 
is related to vapor pressure and 
thus to relative humidity. 

Relative saturation came into 
prominence with the Goff chart of 
1945 which replaced the familiar 
relative humidity lines with lines 
of “per cent saturation,” based on 
relative moisture content. Omission 
of the relative humidity lines led 
to such confusion, and complaints 
from users, that the Guide chart of 
1951, continuing to the present, has 
lines for both relative humidity 
and relative saturation, as shown 
in Fig. 7 

Thus it appears that common 
usage demands the relative humid- 
ity lines and practical considera- 
tions should eliminate the compli- 
cation of the dual lines, especially 
since relative saturation can be cal- 
culated so easily on the infrequent 
occasions when it may be required. 


Dry bulb vs. enthalpy coordinates 
— It has been conventional practice 
to construct psychrometric charts 
with major coordinates of dry bulb 
and moisture content. After laying 
out the rectangular grid of dry 
bulb and moisture content lines, 

the wet bulb lines are then located 
on these coordinates, the wet bulb 
lines being curved slightly and the 
enthalpy scale being of non-uni- 
form spacing. Constructed in such 
a manner, the chart will give accu- 
rate values for the properties of air 
at any given state point; however, 
a straight line drawn between two 
state points will not indicate pre- 
cisely the state of mixtures between 
the two terminal points. For proc- 
esses in the comfort air condition- 
ing range, the error from this 
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MOISTURE CONTENT 


Fig. 7 ASHVE Guide chart 
from 1951 to the present 


This displays both the enthalpy 
and wet bulb lines. The use of 
two colors only partly avoids 
the confusion of these nearly 
parallel lines. Both relative 
saturation and relative humidity 
are also shown. 


source is generally negligible for 
practical purposes. 

Mollier™®:'* (of steam chart 
fame) in 1923 proposed coordinates 
of enthalpy and moisture content, 
with dry bulb temperature as a 
parameter. If the enthalpy coordi- 
nate is at an oblique angle, the 
chart will have the conventional 
appearance, with the exception 
that the dry bulb lines, instead of 
being parallel, will diverge slightly 
as shown exaggerated in Fig. 8. 
For a chart covering a fairly wide 
temperature range, such as the cur- 
rent ASHRAE chart with a range 
of 0 to 125 F, the inclination of the 
dry bulb lines is hardly detectable 
to the eye except when comparing 
the right hand edge of the chart 
with the edge of the paper’ on 
which it is printed. It might be 
somewhat more desirable to select 
the angle of the oblique enthalpy 
lines to bring the right hand edge 
of the chart perpendicular to the 
moisture content lines and thus 
parallel to the edge of the paper. 

It should be noted that a chart 
constructed with enthalpy as one 
of the coordinates need not retain 
the enthalpy lines within the body 
of the chart where they are so 
nearly parallel to the wet bulb 
lines. Parallel enthalpy lines, how- 
ever, extended from the saturation 
curve to an oblique, but uniformly 
spaced, enthalpy scale will define 
enthalpy at saturation. 

This selection of enthalpy 
rather than dry bulb temperature 
as the second coordinate in com- 
bination with moisture content has 














ORY BULB TEMP. 


Fig. 8 Divergence of dry 
bulb lines when coordinates 
are enthalpy and moisture 
content 


When basic coordinates are En- 
thalpy and Moisture Content, 
the dry bulb lines will diverge 
slightly (shown greatly exag- 
gerated here), but the chart will 
avoid slight errors that exist 
when dry bulb temperature is 
used as one of the coordinates, 
The enthalpy line (shown dotted) 
need not appear on the finished 
chart, 


been the subject of some heated 
discussion, but it appears that ad- 
vantage is all on the side of en- 
thalpy. Basic accuracy is achieved 
without adding complications or 
changing the general arrangement 
of the chart. Actual construction of 
the chart should be no more diffi- 
cult and possibly less so with the 
enthalpy-moisture content coordi- 
nates. 


Variable elevation charts — With 
rare exceptions, psychrometric 
charts in general use are for stand- 
ard barometric pressure at sea 
level and this includes those charts 
supplied with the ASRE Data 
Book? and the ASHAE Guide.* The 
ASRE chart includes a table of 
corrections along with formulas 
that can be (but rarely are) used to 
determine the properties of moist 
air at various elevations. The 
ASHAE Guide dismisses the sub- 
ject of psychrometry at other than 
sea level elevation by the state- 
ment, “For many design problems, 
the use of the standard pressure 
chart will not incur any undue 
error up to about 2,000 ft above sea 
level.” 

Due to the lack of convenient 
psychrometric charts for higher 
elevations, frequent practice, even 
at elevations of 5,000 ft or more, 
is to solve air conditioning prob- 
lems on sea level charts and then 
apply some arbitrary multiplier to 
the calculated load. Such arbitrary 
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FOR VARIOUS 
PRESSURES @ 
=) 
DRY BULB 
Fig. 9 Variable elevation 


chart of W. Goodman (1939) 


Such charts have multiple satu- 
ration curves. Wet bulb lines 
are replaced by Sigma function 
lines that take on the wet bulb 
temperature indicated by the 
intersection of dry bulb lines 
with the saturation curve for 
any particular elevation. 


factors are likewise applied fre- 
quently to the performance of air 
conditioning equipment when the 
manufacturer does not supply per- 
formance data for the higher eleva- 
tions. 

A psychrometric chart can be 
constructed for variable elevation 
by including multiple saturation 
curves as shown in Fig. 9. The wet 
bulb lines, as such, must be re- 
placed by adiabatic saturation 
(sigma function) lines as defined in 
Equation 1. These lines then take 
on the wet bulb temperature indi- 
cated by the intersection of dry 
bulb temperature lines with the 
saturation curve for any particular 
elevation. Enthalpy lines may also 
be shown on a variable elevation 
chart, but enthalpy at saturation 
along with relative humidity and 
relative saturation are not applica- 
ble due to the change of moisture 
content of saturated air at various 
elevations. Numerous variable ele- 
vation charts appear in the litera- 
ture; noteworthy among these is 
the Goodman" chart published in 
1939, the Bureau of Mines'® chart 
of 1947, the Sharpe-Moore"™ chart 
of 1950 and the Jennings-Torloni'* 
charts published in 1954. The Bu- 
reau of Mines chart includes ratios, 
related to the barometric pressure, 
for relative humidity and _ specific 
volume. 

The variable elevation psy- 
chrometric chart serves a real need, 
but is inconvenient to use, requir- 
Ing application of wet bulb values 
to the adiabatic saturation lines, 
and these may be integral values 
for only one elevation. At all other 
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DEW POIN 


Fig. 10 Psychrometric chart 
of C. A. Bulkley, using modi- 
fied logarithmic scales 


This offered more uniform accu- 
racy over a wide range of tem- 
perature and humidity. It was 
unsuited for graphic presenta- 
tion of air treating problems. 
This chart appeared in ASHVE 
Guide from 1926 through 1941. 


elevations the wet bulb lines take 
on fractional values. The absence 
of relative humidity and volume 
lines is another source of inconven- 
ience. A more practical solution 
appears to be several charts cover- 
ing the desired elevation range 
with increments as large as con- 
sistent with desired accuracy. 

If we accept the 2,000 ft toler- 
ance suggested by the ASHAE 
Guide, then a conventional type 
chart for standard sea level pres- 
sure could be used for elevations 
up to 2,000 ft and a second chart 
for 4,000 ft elevation could be used 
in the range of 2,000 to 6,000 ft. 
Maximum errors, at 2,000 and 6,000 
ft, for load calculation between 80 
F and 67 F wet bulb temperatures 
would be 6.3%. These charts would 
avoid the complication of the vari- 
able elevation feature. The errors 
resulting from the use of charts 
over such a wide range of eleva- 
tions would be within the available 
knowledge of comfort conditions at 
various pressures. Furthermore, it 
should be noted that actual baro- 
metric pressure varies considerably 
from time to time at any particular 
location, such variations being ig- 
nored generally in the practical 
performance of refrigerating and 
air conditioning systems. 


Other chart forms —The general 
form of the psychrometric chart is 
established by the arrangement of 
any two of the major properties of 
moist air as coordinates, since all 
other properties then fall as pa- 


rameters on these coordinates. The 
arrangement presently in most 
common use is that shown in Figs. 
5 and 9 where moisture contents 
(humidity ratio) appear as_hori- 
zontal lines extending from a ver- 
tical scale and dry bulb tempera- 
tures appear as vertical or nearly 
vertical lines extending from a hori- 
zontal scale. 

Of the many other possible 
arrangements, the charts of Hill 
and Bulkley deserve mention be- 
cause these quite similar charts 
were both in general use over a pe- 
riod of years. The Bulkley’® chart 
published in 1926 is shown sche- 
matically in Fig. 10. It appeared in 
the ASHVE Guide from 1926 
through 1938 and a revised version 
continued in the Guide from 1939 
through 1941. Abscissa and ordi- 
nate are dry bulb and dew point 
temperatures, respectively. Scales 
were approximately semi-logarith- 
mic to provide a more uniform ac- 
curacy of reading over the range of 
temperature and humidity. The 
scales were also adjusted to con- 
vert the saturation curve to a 
straight line. Total heat (enthalpy), 
specific volume and moisture con- 
tent were read from auxiliary 
curves and projected to vertical 
scales. 

The E. Vernon Hill chart, first 
copyrighted in 1920, preceded the 
Bulkley chart. It was similar in 
form to Fig. 10, but with the tri- 
angle rotated through 135 deg to 
place the hypotenuse at the base. 
Numerous auxiliary scales were ar- 
ranged along the three sides. I 
have found no record of the Hill 
chart having been published, al- 
though it was given wide distribu- 
tion by the E. Vernon Hill Com- 
pany and was considered by many 
users to be more convenient than 
the Bulkley chart. 

Both the Bulkley and Hill 
charts with non-lineal scales for 
moisture content and enthalpy (or 
dry bulb temperature) were un- 
suited for graphic presentation of 
air conditioning problems. The de- 
sire to cover a wide temperature 
range with uniform accuracy has 
led to numerous charts with semi- 
logarithmic and other non-lineal 
coordinates, but all have found 
only limited use in the air condi- 
tioning or refrigeration fields. 


(Continued on page 102) 
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President Arthur J. Hess of 
ASHRAE has announced the ap- 
pointment by the Board of Directors 
of Robert C. Cross as Executive 
Secretary of the Society, effective 
July |. 

Mr. Cross succeeds Aubry V. 
Hutchinson, who now becomes Ex- 
ecutive Secretary Emeritus. 

"Since the merger of its pred- 
ecessor Societies AASHAE and 
ASRE last January," said Mr. Hess, 
"we have felt the need for a single 
administrative head to govern all 
staff activities at New York head- 
quarters. Mr. Cross, as former Ex- 
ecutive Secretary of the American 
Society of Refrigerating Engineers, 
brings to the combined organiza- 
tion an impressive record of profes- 
sional achievement and experience 





—_ 


A. V. Hutchinson 


in industry, as well as Society af- 
fairs. 

"Mr. Hutchinson has served the 
other predecessor group, American 
Society of Heating and Air-Condi- 
tioning Engineers, as Secretary and 
Manager of Publications with loyalty 
and devotion over a period of more 
than 37 years," continued Hess. "As 
Executive Secretary Emeritus, he 
will, in a consulting capacity, bring 
to bear his long experience on the 
more challenging problems facing 
our newly-merged organization to- 
day." 

Mr. Cross was appointed Ex- 
ecutive Secretary of ASRE in De- 
cember, 1954. Prior to this he was 
assistant manager of the merchan- 
dising testing and development 
laboratories of Sears Roebuck and 
Company for four years. Earlier affil- 
iations include serving as fuel engi- 
neer, Battelle Memorial Institute; 
assistant fuel engineer, U. S. Bureau 
of Mines, Pittsburgh Station. From 
1925 to 1935 he was with the H. B. 
Smith Company as test engineer 
and later as supervising engineer. 

Mr. Hutchinson, who has been 
Executive Secretary of ASHRAE 
since the merger of ASHAE and 


R. C. CROSS NOW ASHRAE EXECUTIVE SECRETARY 
SUCCEEDS A. V. HUTCHINSON 


R. C. Cross 





ASRE last January, joined the staff 
of the American Society of Heating 
and Ventilating Engineers in 1922 
as Manager of Publications. He was 
appointed Secretary in 1926 and 
Executive Secretary in 1950. When 
the Society name was changed to 
ASHAE he continued as Executive 
Secretary and Manager of Publica- 
tions. 

He preceded his 37-year 
career with the Society by entering 
the publishing field with the David 
Williams Co., New York, in 1914-15. 
He then served from 1916-17 as as- 
sistant and then associate editor of 
Metal Worker, Plumber and Steam 
Fitter in New York and as western 
editor for Sheet Metal Worker and 
Heating Engineer in Chicago from 
1920-21. 
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T. E. Bond 

A. W. Brant 

M. K. Fahnestock 

G. L. Nelson 

R. E. Stewart 

H. J. Thompson 

Robert G. Yeck 


REFRIGERATION 


E. P. Palmatier, Chairman 
D. D. Wile, Vice Chairman 
H. C. Diehl 
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F. G. Peck 

W. T. Pentzer 


R. M. Stearn 
W. F. Stoecker 
E. R. Wolfert 
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. Wolfert 
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. Ghai, Vice Chairman 
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R. J. Getty, Chairman 
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_D. Colvin 
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. McLaughlin 

. Parker 
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SOUND AND VIBRATION CONTROL 


A. F. Hubbard, Chairman 
D. D’Eustachio,Vice Chairman 


2 Lemmerman 
. Parker 
. Rogers 

. Sanders 
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. Wells 
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THERMAL CIRCUITS 


K. R. Solvason, Chairman 
Harry Buchberg,Vice Chairman 
George Green 

C. F. Kayan 

C. B. Monk, Jr. 

L. W. Nelson 

H. B. Nottage 

P. H. Yeomans 


WEATHER DATA 


W. L. Holladay, Chairman 
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D. T. Donovan 
. L. Fiske 
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STANDARDS PAGE 


It is a 4+-part problem 


Why Standardization?: The Stand- 
ards Engineers Society has an- 
nounced its Eighth Annual Meet- 
ing at Boston. This will be a 2-day 
program, September 21 and 22, to 
study the question “Why standard- 
ization?” There will be speakers 
from top management and oper- 
ating levels of industry, govern- 
ment, educational and research in- 
stitutions. The program planned 
is divided into four areas: philoso- 
phy, research, education, and man- 
agement. 


ASA B3.11-1959: The American 
Standard Method of Evaluating 
Load Ratings for Ball and Roller 
Bearings has been announced by 
ASA. Copies are available from 
Dept. PR 81, 70 East 45th Street, 
New York 17, N.Y., at $1.75 per 
copy. The standard provides a uni- 
form capacity rating system for the 
bearings made by all manufactur- 
ers. Uniform test procedures and 
statistical methods for determining 
load-carrying capacity and expect- 
ed fatigue life for both ball and 
roller bearings are established. Dy- 
namic and static capacity of radial 
and thrust bearings are covered in 
the standard and in addition to 
general definitions, it includes for- 
mulas for calculating such charac- 
teristics of bearings as bearing life, 
static equivalent load, etc. The 
new bearings standard was ap- 
proved by associations of bearing 
producers as well as users, engi- 
neering societies, and by several 
government agencies. 


Nema: Nema Standards Publica- 
tion No. DC 3-1959, covering room 
thermostats, is available from 
Nema headquarters, 155 East 44th 
Street, New York, N. Y., at 40c per 
copy. This publication describes 
certain constructional details, rat- 
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ings and methods of rating, sensi- 
tivity and methods of determining 
sensitivity of all types of alter- 
nating -current room thermostats, 
including heating, cooling, heating- 
cooling and electric heating ther- 
mostats. 


ASHRAE: The ASHRAE Stand- 
ards Committee has approved the 
proposed Standard 30P Methods 
of Testing for Rating Liquid Chill- 
ing Packages. The Board of Direc- 
tors by letter ballot has recom- 
mended that this standard be pub- 
lished in the JOURNAL and sub- 
mitted for consideration by the 
membership. The standard will ap- 
pear in a future issue of the JOUR- 
NAL. 


ARI: The July edition of the “Di- 
rectory of Certified Unitary Air- 
Conditioners” is available from 
ARI. This edition lists rating data 
on 1611 models of equipment man- 
ufactured by 41 companies _par- 
ticipating in the ARI certification 
program. To date, 47 companies 
have signed contracts with ARI to 
test and rate their unitary models 
according to applicable ARI stand- 
ards. These companies represent 





“Only standardized products con- 
tinue to improve, provide the 
most favorable selling prices, re- 
duce the funds tied up in inven- 
tory, and contribute to universal 
improvement and facility of oper- 
ations.” — Charles W. Bryan, Jr., 
Vice President, Pullman, Inc. 
(ASA Newsletter No. 75, May 
1959). 





over 80 per cent of the total indus- 
try shipments of unitary equip- 
ment. Air conditioners covered by 
the certification program include 
all types of central residential air- 
conditioners and many _ unitary 
packages used in commercial and 
industrial establishments, but not 
room air-conditioners, heat pumps, 
or large field-assembled systems. 
The top capacity of units in the 
program is 135,000 Btu/hr. Copies 
of the directory are also available 
to the public through equipment 
dealers and Better Business Bu- 
reaus. 


ASA: The ASA Director of Public 
Relations reports that representa- 
tives of 24 national organizations 
recommended July 7 that the Amer- 
ican Standards Association initiate 
a project to develop standards for 
mobile homes and travel trailers. 
The action was taken at a general 
conference called at the request of 
the Mobile Homes Manufacturers 
Association and the Trailer Coach 
Association (West Coast). 

The purpose of the standard 
is to provide a uniform national 
code which will serve the needs of 
the makers of the mobile homes. 
the communities which must ac- 
commodate these units and the 
owners of mobile homes. 

Lack of national standards for 
mobile homes may find the mobile 
home builder and owner faced with 
varying codes or installation re- 
quirements throughout the coun- 
try. 

With an American Standard 
as a nation-wide guide for mobile 
home codes, manufacturers could 
build their units to conform to this 
standard of national acceptance. 

A standard is approved as an 
American Standard only if it has 

(Continued on page 85) 
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Meetings ahead 





August 9-12—3rd National Heat Trans- 
fer Conference and Exhibit, Uni- 
versity of Connecticut, Storrs, Conn. 


August 19-26—10th International Con- 
gress of Refrigeration, Copenhagen, 
Denmark. 


September 2-4—Cryogenic Engineer- 
ing Conference, University of Cali- 
fornia, Berkeley, Calif. 


September 25-29—American Meat In- 
stitute, Palmer House, Chicago, III. 


October 5-7—American Gas Associa- 
tion, Annual Convention, Chicago, 
Ill. 


October 30-November 2 — Refrigera- 
tion Service Engineers Society, An- 
nual Convention, Atlantic City, 
N. J. 


November 2-5—11th Exposition of the 
Air-Conditioning and Refrigeration 
Industry, Atlantic City, N. J. 


November 9-13 — National Electrical 
Manufacturers Association, Annual 
Meeting, Atlantic City, N. J. 


November 17-19 — Building Research 
Institute Conference, Washington, 
D.C. 


December 3-5 — National Warm Air 
Heating and Air Conditioning As- 
sociation, Annual Convention, St. 
Louis, Mo. 


December 26-31 — American Associa- 
tion for the Advancement of Sci- 
ence, Annual Meeting, Chicago, IIl. 


February 1-4— American Society of 
Heating, Refrigerating and Air- 
Conditioning Engineers, Semian- 
nual Meeting, Dallas, Texas. 


February 1-4—2nd Southwest Heating 
and Air-Conditioning Exposition, 
Dallas, Texas. 


March 6-10 — National Association of 
Frozen Food Packers, 19th Annual 
Convention-Exposition, Chicago, 


Ill. 


May 1-4—Air-Conditioning and Re- 
frigeration Institute, Annual Meet- 
ing, Hot Springs, Va. 


June 13-15—American Society of Heat- 
ing, Refrigerating and Air-Condi- 
tioning Engineers, 67th Annual 
Meeting, Vancouver, B. C. 
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People 


H. George Richardson, of the Richardson Equipment Company, Boise, Idaho, 
was recently appointed representative of the Baltimore Aircoil Company to 
handle sales of their evaporative condensers and cooling towers. 


Charles M. Colyer is now representing Sterling, Inc., in South Carolina. 


John K. Worthington will work from a Chicago office as Ansul Chemical Com- 
pany’s refrigeration sales representative in that area. 


Bernhard Willach has been elected Vice President for 
Engineering, Marsh Instrument Company. The holder of 
many patents on pressure gauges, thermometers and 
solenoid valves, he received his Mechanical Engineering 
degree from Cologne University, Germany. For the past 


17 years, he has been Chief Engineer of Marsh. 





H. R. Roth, remaining in Toronto, is now General Sales Manager, Engineered 
Products, American-Standard Products (Canada) Ltd. For twenty-two vears 
Toronto District Manager for Canadian Sirocco Products, he is succeeded in 
that position by W. J. McLean, most recently manager of the Vancouver Sales 
Office, Engineered Products. 


H. J. Angstadt becomes manager of Keasbey & Mattison Company’s St. Louis 
factories. 


J. W. Hosler becomes marketing Manager for Kewanee and Nesbitt product 
lines, American-Standard Industrial Div. 


A. James Hackl will be located in the main office of Worthington Corporation's 
Air Conditioning and Refrigeration Div, as he becomes General Manager. 


Dr. Beatrice A. Hicks, President of Newark Controls Company, will tour 
selected South American countries next March as a part of the National 
Society of Professional Engineers Project Ambassador. She was chosen, along 
with her husband, Rodney D. Chipp, Director of Engineering of ITT Com- 
munication Systems, Inc., from among more than 2000 professional engineers 
who expressed an interest in this assignment. 


James Hackbarth joins Drayer Hanson’s sales engineering force with several 
years’ experience with contracting organizations handling York products. 


Joseph H. Hoff is now Factory District Manager of Payne Company. He has 
been in the industry for 12 years in production, engineering and sales ca- 
pacities. 


Hans H. Kohlenberger, founder and President of Kohlen- 
berger Engineering Corporation, manufacturers of indus- 
trial refrigeration equipment, died at the age of 62, of 
cancer. Active in civic affairs, he served as mayor of 
Fullerton, Calif., home of his company, from 1938 to 
1946, and as a member of the city council. He had been 
a board member of the Metropolitan Water District from 
its inception. A member of the National Association of 
Practical Refrigeration Engineers and the former ASRE, 
he was a licensed mechanical engineer in the state of 
California. 





Charles A. Andreas has joined American-Standard Export Marketing Depart- 
ment as Sales Engineer for their industrial line. For the past year prior to 
his present connection, he was regional manager, middle east, for J. I. Case 
International. 
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Lawrence Faust is now District Manager of the Kansas City, Mo., sales ter- 
ritory of Mueller Brass Company. He has been sales representative since 1956. 


H. R. McCombs’ Supply Company of Denver has been named sales represen- 
tative for Marlo Coil Company air conditioning and heat transfer products. 


Walter A. Grant, second Vice President of ASHRAE and 
a vice president of Carrier Corporation, has been named 
Director of Engineering of the latter, in which capacity 
he will be responsible for the coordination of research, 
development and related activities throughout the cor- 

ration. Educated at Amherst College and Columbia 
University, Mr. Grant is an authority in the field of air 
conditioning and has been responsible for many advances 
in aerothermodvynamics, absorption refrigeration and heat 
transfer since joining Carrier in 1928. In addition to 
writing many technical papers and magazine articles, he 
is a co-author of a textbook on air conditioning. 





William R. Rinelli, with Ansul Chemical Company for 24 years, has been 
appointed General Manager of its Chemical Products Div, giving him direction 
over the functions of chemical production, sales and research. Holder of five 
patents on various methods and products pertaining to chemical phases of 
refrigeration and the author of chapters in “Refrigeration Data Book” and 
“Encyclopedia of Chemical Technology,” as well as of numerous articles in 
refrigeration and chemical journals and pamphlets on company products, 
Mr. Rinelli joined Ansul as a research chemist, after receiving a degree in 
organic chemistry from the University of Wisconsin. Since then he has been 
Assistant Director of Research and Development, and, most recently, Coordi- 
nator of Product Planning. 


Richard M. Toucey, formerly manufacturer's representative in the Pittsburgh 
area, is now representing American Air Filter Company in the same territory. 


Duane D. Pearsall, President of the Pearsall Company, has been appointed 
representative for air conditioning products in Colorado and Southern Wyom- 
ing by Recold Corporation. A past President of the Rocky Mountain Chapter 
of former ASHAE, he is a member of the Colorado Engineering Council. 


B. W. Moreland, continuing to head all manufacturing 
operations as in the past, has been elected Vice President 
of Copeland Refrigeration Corporation. Coming to the 
firm in 1958 after seven years in charge of compressor 
manufacturing at General Electric, ten years at Carrier 
Corporation and five years at Worthington Corporation, 
Mr. Moreland’s technical organization affiliations include 
the American Welding Society and the American Society 
for Advancement of Management. 





Wilbur S. Miller is now Manager, Marine Sales, for York Div of Borg-Warner 
Corporation. He has been manager of sales development. 


William P. Tennity of Tennity & Company, Inc,, Los Angeles, has been 
appointed to handle the Baltimore Aircoil Company, Inc., line of evaporative 
condensers and cooling towers. 


Ben M. McDougall is now Field Sales Manager, Baltimore Aircoil Company, 
Inc. In his former position, he was General Sales Manager, Kennard Corpo- 
ration. 


Robert W. Gentry, with T emprite Products Corporation for the past eight 
years in sales and application engineering, has been appointed direct factory 
sales representative in Ohio. He will handle his company’s complete line of 
products: self-contained and remote type water coolers, carbonators, oil sepa- 
rators and accessories. 


William D. Graham, Jr., formerly Manager, Eastern Sales Region, is now 


Vice President in the sales div of Trane Company, and will be in charge of 
all Trane sales offices in the United States. 
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eae naire close environmental con- 
trol at Abbott Laboratories’ experi- 
mental farm is essential for studying 
the effects of various feeds on poultry 
and swine. Because the sensible and 
latent heat outputs of these animals 
vary so widely under different condi- 
tions, a careful evaluation of design 
requirements was made before decid- 
ing how the close ventilation and tem- 
perature control could be achieved. 
Heating, Piping and Air Condition- 
ing, June 1959, p 131. 


are sufficient practical evi- 
dence points to the benefits of liquid 
circulating systems with ammonia 
refrigeration. Power savings at the 
compressor by eliminating excessive 
superheat and slopover are consid- 
ered more important than the savings 
possible through more positive cir- 
culation on the low side. A discussion 
of what actually occurs in the evapo- 
rator in terms of types of boiling, 
heat transfer, types of flow, the liquid 
contents of the coil and pressure 
drop. Industrial Refrigeration, June 
1959, p 11. 


CRs oa 33 low, intermediate and 
high temperature hot water heating 
system operating temperatures and 
design temperature drops have defi- 
nite bearing on the selection of the 
most economical design for each ap- 
plication. Heating, Piping and Air 
Conditioning, June 1959, p 116. 


that... ... the use of air as refrig- 
erating agent in the vertex tempera- 
ture separators (Ranque tubes) leads 
to considerably larger energy losses 
than with the ordinary methods of 
mechanical refrigeration. The objec- 
tive of studies carried out at the Bom- 
bay Institute of Engineering consisted 
of the development of a simplified 
design for a vortex separator and the 
production of the lowest possible 
temperatures at the cold end of the 
tube at low air pressures. 

By additional separation of the air 
at the cold end the vortex separator 
could be considerably simplified 
and lower temperatures attained. 
Kholodilnaya Technika (Rejrigerat- 
ing Techniques), No. 2, 1959, p 29 
(in Russian). 
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Candidates for ASHRAE Membership 


Following is a list of 117 candidates for membership 
or advancement in membership grade. Members are 
requested to assume their full share of responsibility 
in the acceptance of these candidates for membership 


REGION |! 


Connecticut 


STERNS, JESSE, Vice-Pres. & Gen. 
Mgr., Norwalk Co., Inc., South Nor- 
walk. 


Massachusetts 


CHANDLER, C. B., Owner, Chandler 
Heating Service Co., Melrose. 

MALATESTA, W. J.*, Engr., Polaroid 
Corp., Cambridge. 

MALONEY, H. J., Mech. Designer, 
Buerkel & Co., Inc., Boston. 


New Jersey 


CONTos, SoTiRIos, Design Engr., A. 
Pellegrini & Assocs., East Orange. 


New York 


Bonczyk, J. A., Engr., Eastman Ko- 
dak Co., Rochester. 

FRIEFELD, ARTHUR, Bld. Engr., Inter- 
national Business Machines Corp. 
Research Div., Yorktown Heights. 

FLYNN, J. J., JR., Sales Engr., In- 
dustrial Div., American-Standard 
Schenectady. 

Louver, R. G., Sr. Sales Engr., Powers 
Regulator Co., Syracuse. 

MAGEE, J. B., Pres., J. B. Magee 
Assocs., Inc., Buffalo. 

MARINER, E. T., Sr. Sales Engr., Pow- 
ers Regulator Co., Syracuse. 

PAINTER, ERNEST, Stationary Engr., 
Rochester General Hospital, Ro- 
chester. 

RitcHlgE, D. A., Design Draftsman, 
Heat-X, Inc., Div of Dunham-Bush, 
Inc., Brewster, N. Y. 

SCHOEN, D. D.+, Mech. Proj. Engr., 
Voorhees Walker Smith Smith & 
Haines, New York. 

SCHOEN, E. H., Estimator & Sales 
Trainee, Associated Thermal Prod- 
ucts, Inc., New York. 

Soto, R. P., Proj. Engr., Empress de 
Frigorificos, New York. 

STREIT, G. L., Repr., Slant-Fin Radia- 
tion Corp., Richmond Hill. 

SWARTOUT, H. J., Engr., Eastman Ko- 
dak Co., Rochester. 


Rhode Island 
De PALMA, VITO, Proj. Engr., Fram 
Corp., East Providence. 


Vermont 


GRATIOT, J. P., Owner, Gratiot Engi- 
neering Co., Woodstock. 
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Note: * Advancement t Reinstatement 


REGION Il 


Canada 


BOIVIN, WILFRED, Bill Boivin Plumb- 
ing & Heating, Ltd., Eastview, Ont. 
BOWERMAN, E. L.}, Mech. Design 
Engr., Hydro-Electric Power Com- 
mission of Ontario, Toronto, Ont. 

BRYAN, W. C., Owner & Megr., W. 
Bryan Plumbing & Heating, To- 
ronto, Ont. 

CanBy, E. B., Cons. Engr., Welland, 
Ont. 

CraAlG, K. N., Partner, Ball, Short & 
Co. Ltd., Willowdale, Ont. 

GRAY, I. F., Asst. Gen Mgr., Penn 
Controls Ltd., Scarborough, Ont. 
HARTMAN, ANDREW, Pres., Hartwil 
Sheet Metal Co., Toronto, Ont. 
Hocssro, JORN, Mech. Engr., Dept. of 
Public Works of Canada, Ottawa, 

Ont. 

KISHCHUK, B. W., Design Engr., 
Adjeleian, Goodkey, Weedmark & 
Assoc. Ltd., Ottawa, Ont. 

LEGARE, R. G., Sales Engr., Honeywell 
Controls, Ltd., Ottawa, Ont. 

LINE, P. W., Repr., Vapor Heating 
(Canada) Ltd., Toronto, Ont. 

LORIMER, D. A., Dist. Sales Megr., 
Ferro Metals (Ottawa) Ltd., To- 
ronto (Scarboro) Ont. 

Loucks, P. A., Repr., Trane Company 
of Canada, Ltd., Toronto, Ont. 

McCartTuy, P. B., Estimator, Uni- 
versal Sheet Metals, Ltd., Toronto, 
Ont. 

McMinn, G. F., Sales Engr., Ferro 
Metals (Ottawa) Ltd. Toronto 
(Searboro), Ont. 

MILNE, F. W., Het. & Vtg. Designer 
& Chief Draftsman, J. F. MacLaren 
Assocs., Toronto, Ont. 

MITCHELL, E. R., Head, Mech. Engrg. 
& Combustion Sec., Fuels Div., Dept. 
of Mines & Technical Surveys, Otta- 
wa, Ont. 

NARVEY, SYDNEY*, Sr. Design Engr., 
Canadian Kodak Co., Toronto, Ont. 

Ross, DAve, Sales Mgr., Power Plant 
Equipment, Ltd., Toronto, Ont. 

RUSSELL, C. R., Sales Mgr., Rocamora 
Bros., Toronto, Ont. 

SEIGNUER, B., Mgr., Mech. Contrs., 
Craftmaster Heating Co., Winni- 
peg, Man. 

SHorE, M. V., Chief Mech. Designer, 
M. A. Konforti, Cons. Engr., To- 
ronto, Ont. 

SmitH, F. J., Sales Repr., John 
Thompson-Leonard, Ltd., Toronto, 
Ont. 


by advising the Executive Secretary on or before Au- 
gust 31, 1959 of any whose eligibility for member- 
ship is questioned. Unless such objection is made these 
candidates will be voted by the Board of Directors. 


SMITH, W. P., Sr. Mech. Engr., Me- 
Gregor & Beynon Ltd., Toronto, 
Ont. 

Speck, S. J., Sales Repr., Sheldons 
Engineering Ltd., Toronto, Ont. 
TAMBLYN, R. T.*, Pres., R. T. Tam- 

blyn & Assocs., Toronto, Ont. 

THorRPE, J. T., Design Engr., A. D. 
Margison & Assocs., Toronto, Ont. 

WHITEMAN, R. D., Sales Mgr., York- 
Shipley of Canada, Toronto, Ont. 

Witson, D. A., Vice-Pres., Hartwill 
Sheet Metal Co., Toronto, Ont. 


District of Columbia 

KANNAPELL, C. C., Sales Engr., Amer- 
ican Air Filter Co., Inc., Washing- 
ton. 

Pennsylvania 

WEIk, R. T., Hgt. Engr., Weil-Me- 
Lain Co., Levittown. 


REGION IV 


Florida 

MOREHEAD, L. C., JR.*, Office Engr., 
Hicks & Ingle Co., West Palm 
Beach. 

SowELL, H. T., Owner, H. T. Sowell 
Radio & Refrigerating Service, 
Chipley. 


Georgia 


GREEN, D. L., Chief, Mech. Sec., Corps 
of Engineers, U. S. Army, Thunder- 
bolt. 


North Carolina 


FaAGGART, H. M., Engr., Buensod- Sta- 
cey, Inc., Charlotte. 

McDowELL, D. E., Sales Engr., Powers 
Regulator Co., Charlotte. 


REGION V 


Illinois 

McConneELL, M. D., Chief Engr., A. 
W. Cash Co., Decatur. 

Indiana 


Haas, F. A.}+, Gen. Mgr., Bendix-West- 
inghouse Automotive Air Brake Co, 
Evansville. 


Ohio 
BRODERICK, T. N., Sales Engr., Deleo 
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Products Div, General Motors Corp., 
Dayton. 

SCHUMANN, R. J., Sales Engr., Kuem- 
pel Co., Columbus. 

Seck, W. G., Executive Engr., Hoover 
Co., North Canton. 

SKEATS, A. E., Supvsr., Fan & Coil 
Sec., Applied Machinery & Systems, 
Airtemp Div, Chrysler Corp., Day- 
ton. 

Younc, H. E.*, Asst. Engr., Nitro- 


gen Div, Allied Chemical Corp. 
Ironton. 
REGION VI 
Illinois 
STEWART, RALPH,* Mech. Engr., 


Great Lakes Plumbing & Heating 
Co., Chicago. 


Michigan 


BRZEZINSKI, JOSEPH, 
Quincy Products Div, 
Green Corp., Quincy. 

FICHTER, F. L., Engr., Behler Young 
Co., Grand Rapids. 

Kipper, G. F., Proj. Engr., Acme In- 
dustries, Inc., Jackson. 

PEARCE, R. D., Pres., Pearce Heating 
& Welding Co., Detroit. 

STICKNEY, R. E., Pres., J. A. Temple 
Co. Ine., Kalamazoo. 


Chief Engr., 
Stubnitz 


Wisconsin 


ScHULTZ, F. C.+, Design Tech., R. D. 
Rodwell & Assocs., Inc., Milwaukee. 

WEBER, G. F., JR., Engr., R. D. Rod- 
well & Assocs., Inc., Milwaukee. 


REGION Vil 


Alabama 

GREENE, R. E., Sr., Chief Bldg. Engr., 
Gulf, Mobile & Ohio R.R. Co., Mo- 
bile. 


Louisiana 


WALTERS, G. L., Jr.*, Dist. Repr., 
York Corp., New Orleans. 


Missouri 


CaRMONDY, T. J., JR., Repr., Airtherm 
Manufacturing Co., St. Louis. 

Coon, F. G., Gen. Mgr., A. P. Equip- 
ment Co., St. Louis. 

GyGax, E. E.*, Pres., Ozark Engineer- 
ing & Equipment Co., St. Louis. 
MEDEWITZ, JOACHIM, Engr., Marlo 

Coil Co., St. Louis. 
WuLFson, V. S., JR., Sales Engr., 
Armstrong Cork Co., Kansas City. 


Tennessee 


Burcmr, W. O., Jr., Design Engr., I. 
C. Thomasson & Assocs., Nashville. 

CUNNINGHAM, J. P., Mgr., Southern 
Sales Co., Nashville. 

Foster, B. W., Pres., Foster & Wood, 
Inc., Nashville. 

GREEN, W. R., Engr., John W. Mc- 
Dougall Co., Inc., Nashville. 

HAItey, J. E.+, Owner, James E. 
Hailey Co., Nashville. 
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HICKERSON, FAULKNER, Partner, 
Burkhalter-Hickerson & Assocs., 
Nashville. 


Myers, W. D., Het. & A-C Engr., 
Nashville Gas Co., Nashville. 

PoTTEeR, J. R.*, Sales Engr., R. E. 
Gardner Co., Nashville. 

TUPPER, V. S., JR., Owner, Vernon S. 
Tupper Co., Nashville. 

WHITE, J. B., Engr., I. C. Thomasson 
& Assocs., Nashville. 

WILSON, J. W., Owner, John W. Wil- 
son Co., Nashville. 


REGION VIII 


Texas 


BoEN, V. D.+, Estimator, Har-Con 
Engineering, Inc., Houston. 

McMurry, T. R.*, Engr., General En- 
gineering Corp., Fort Worth. 


REGION IX 
Colorado 
NASH, R. C.+, Indus. Engr., Air Puri- 
fication Co., Denver. 


New Mexico 


KOLLMAN, W. L.*, Mech. Engr., U.S. 
Corps of Engineers, Albuquerque. 


Utah 


HANSEN, J. R., Repr. Insulation Div., 
Johns-Manville Sales Corp., Salt 
Lake City. 


REGION X 


California 


BELLMAN, J. V.7, Sales Mgr., Climate 
Conditioning Co., Stanton. 

DEILGAT, C. H., Dist. Mgr., Burke & 
Co., San Diego. 

GOSLIN, C. H., Designer, Climate Con- 
ditioning, Stanton. 

LIPSHULTZ, MAx,* Asst. Chief Mech. 
Engr., J. S. Hamel, Engineer, Inc., 
Burbank. 

RELF, W. J., Engr., Pahl-Harry Co., 
Stockton. 

ROSENBLUM, LAWRENCE, Sr., Mech. 
Engr., Ralph M. Parsons Co., Los 
Angeles. 

SCHUMACHER, E. W.*, Engr., Advance 
Refrig. Equip. Co., Corona. 

SIEGFRIED, G. E., Draftsman, W. L. 
Donley, Mech. Engr., Fresno. 

SLOAN, A. L., Sales Mgr., M. Schlom 
& Sons, Los Angeles. 


Washington 

McCoy, C. F., Mech. Designer, Gray 
& Osborne, Yakima. 

NorTon, R. E., Supvsg. Gen. Engr., 
U. S. Air Force, 5010th Installa- 
tions Squadron, Seattle. 

STINSON, R. C., Proj. Engr., John 
Graham & Co., Seattle. 


FOREIGN 


Australia 


Harris, L. A., Chief Engr., Stephen- 
son & Turner, Melbourne. 


England 


HARRISON, Eric, Engr., G. N. Haden 
& Sons, Ltd., London. 


France 


CRENN, RAYMOND, Engr., Chantiers 
De L’Atlantiqua (Penhoet-Loire), 
Paris. 


Dixon, E. F., Asst. Engr. Mgr., Dairy 
Farm, Ice & Cold Storage Co. 


Iraq 


CoTTELL, L. W.*, Tech. Mgr., African 
& Eastern (N.E.) Ltd., Baghdad. 

GRAHAM, B. J., Tech. Dept. Megr., 
African & Eastern (N.E.) Ltd., 
Baghdad. 


Peru 


Costa, A. V., Engr., Mercantil Elec- 
tra, S. A., Lima. 

S. India 

O’BRIEN, D. M., Chief Engr., M. S. 
Spencer & Co., Ltd., Madras. 

NITHYANANDAM, C. R., Foreman, 
Government Milk Factory, Madras. 


Venezuela 

FLEISCHER, THOMAS, Estimating 
Engr., Acondaire S. A. (Trane) 
Caracas. 

Holland 


MENNES, F. S., Engr., Bronswerk N. 
V., Amsterdam. 





IT IS A 4-PART PROBLEM 


(Continued from page 81) 





been accepted by a consensus of 
all parties interested in it. The 
Mobile Homes Manufacturers As- 
sociation and the Trailer Coach 
Association presented to the con- 
ference a standard for electrical, 
heating, and plumbing equipment 
for consideration of approval as an 
American Standard by the general 
acceptance method of ASA. 

Lack of consensus at the con- 
ference for approval of the MHMA 
standards led to the recommenda- 
tion that the work be handled by a 
sectional committee set up under 
regular ASA procedures. Such a 
committee would be responsible 
for the development of standards 
relating to construction and equip- 
ment of mobile homes and travel 
trailers. The conference held at the 
ASA office in New York recom- 
mended the project be jointly spon- 
sored by the Mobile Homes Manu- 
facturers Association and the Trail- 
er Coach Association. 
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TALULA 


What ASHRAE Chapters are doing 


MINNESOTA and TWIN CITY . Application 
of Vibration Isolators for Ventilation, Air Condi- 
tioning and Refrigeration Equipment was the topic 
recently when Samuel Kahn, Vibration Eliminator 
Company, addressed these chapters, meeting jointly. 


BIRMINGHAM Olivia Burkey planned to 
address these members in June on Taking the Mys- 
tery out of Water Treatment, a talk which she 
originally gave at the 65th Annual Meeting of 
ASHAE in Philadelphia. Her paper later appeared 
in the May issue, ASHRAE JOURNAL. 


NEW MEXICO (H) Kenneth Finders and 
Joseph Moody, Sandia Corporation, gave a talk on 
their firm, entitled Little Bureau of Standards, at a 
recent meeting here. 


MEMPHIS . “Air Cooled Condensers vs. Cool- 
ing Towers” was the subject of a panel discussion 
held at the June meeting of this group. There 
seemed to be a general feeling of rather limited 
application for large size air-cooled condensers. 


GOLDEN GATE (H) At the last meeting, 
held early in June, these men heard Lew Pollack, 
Carrier Corporation, and Gerald Yaffey, Worthing- 
ton Corporation, discuss the application problems 
of centrifugal water chillers. 


MONTREAL . . Contract bidding, discussed in 
forum, was soundly debated at the May meeting of 
this chapter. H. G. S. Murray moderated panel 
members Robert Layton, Robert Clapperton, W. E. 
Jarvis, Roland Carrigan, D. J. McIntyre and J. P. 
Fitzsimons. 

The discussion centered around the “shopping” 
practices of many contractors with respect to manu- 
facturers and subtrades. 


In preparation for the 1959-1960 
season, the South Florida Section 
elected these officers: seated, 
| to r, Vice President A. R. Martin, 
President R. Douglas Hazen, Sec- 
retary Arman Cowan, and Trea- 
surer Albert F. Plaag. The Board 
of Governors, back row, includes 
J. W. Hendricks, Stephen Shelton 
and Hugh Kirkpatrick. 


DUOODNRRSOQUALDPSONSSNSUAGHANUUUA Gi NEDOONGOQLUQUALEOOUAOSONOLESGOOARANAOOGLONYOOUO AAU EDRENDAGOONNAAOUU USAT AA UO 


The panel concluded that an effective means 
of limiting or reducing the shipping practices would 
be the use of base bid specifications, listing the 
names of suppliers at the time of tendering, and 
the use of the bid depository. 

It was felt that if the manufacturers thought 
that a bid depository should be set up for the major 
items of equipment, then it was up to manufacturers 
to initiate and organize such a depository. 


HOUSTON (H) Speaker of the mid-June 
evening was John Traynor, Johnson Service Com- 
pany, who covered the Do’s and Don’t’s of Tem- 
perature Control. 


MASSACHUSETTS (H) . The operation, his- 
tory, finances, and interrelationships of the Engi- 
neering Societies of New England with the other 
unity organizations of engineers, including ASH- 
RAE, received the attention of speaker James Adams 
at recent meeting here. Mr. Adams is President of 
ESNE. 


NORTHERN ALBERTA Over 200 people 
attended the Air Conditioning Symposium spon- 
sored by this chapter in May. John H. Fox, Vice 
President, Honeywell Controls, and first Treasurer, 
ASHRAE, presented Economic Studies; Herbert A. 
Scott, Manager, Manufacturer’s Life, covered the 
Investor’s Viewpoint; Percy M. Butler, Vice Presi- 
dent and General Manager, Angus, Butler & Asso- 
ciates, Ltd., spoke on Definitions and Descriptions; 
and Daniel W. Thomsen, Consulting Mechanical 
Engineer, reviewed Design Considerations. Modera- 
tor of the group was David Panar, Professor, Uni- 
versity of Alberta. 

A display of typical air conditioned projects 
included large cards on which were mounted nu- 
merous interiors and pictures of buildings that are 
air conditioned. 
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Organizing under post-merger  ~ 
gt-ups for the coming 1959-1960 = 
season, some ASHRAE chapters 
already have selected their officers. 

The accompanying record adds to 
such information as has reached 
Headquarters. Other changes will 

be listed in later issues. 


CENTRAL ARIZONA 
Pres.—George Jackson 
Vice Pres.—Jack R. Hight 
Secy.—Stan F rederickson 
Treas.—William Missemer 





EVANSVILLE 

Pres.—Richard E. Deaux 

Ist Vice Pres.—Robert E. Ahlf 

nd Vice Pres.—H. C. Shagaloff 

3rd Vice Pres.—C. L. Herndon 
Secy.—Don S. Phillips = 
Treas.—Louis C. Bond = 





NEW MEXICO 

Pres.—Emmett Brazier 

Vice Pres.—Roy P. Lee 

Secy.—Vernon J. Stephens 

Treas.—Henry Frankenfeld 

Board of Governors—H. A. Garber 
James Desilets 
Warren Jones 


RICHMOND 
Pres.—G. J. Wachter = 
Vice Pres.—F. J. Weiss : 
Secy.—J. C. Turlington 
Treas.—M. M. Alley 
Board of Governors—H. A. Garber 

C. H. Imel 

G. W. Hallam 


SAN FRANCISCO 
Pres.~-Thomas R. Simonson | 
Vice Pres.-Karl Guttman : 
Secy.—Rudolph C. Pribuss 
Treas.—Donald A. Delaney 
Board of Governors—L. E. Dwyer 

J. D. Kniveton 


SAN JOAQUIN = | 
Pres.—John Lamborn | 
Vice Pres.-Roy C. Cody E | 
Seey.—David Rodkin : 
Treas—William Grotzke 
Board of Governors—James Blaney 

D. Lawrence 


SOUTH FLORIDA 

Pres.—R. Douglas Hazen 

Vice Pres.—A. R. Martin, Jr. 

Seey.—Armand Cowan 

Treas.—Albert F. Plaag 

d of Governors—S. Shelton 

H. Kirkpatrick 
J. Hendricks 
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GET TROUBLE-FREE CONDENSING AND 
GREAT POWER AND LABOR SAVINGS 


NIAGARA AEROPASS CONDENSERS 
give you trouble-free, automatic refrigera- 
tion at the least spread between head-pres- 
sure and suction pressure. You gain a great 
power saving. You also get removal of super- 
heat before condensing, condensing at sub- 
cooled temperature and a refrigerant fully 
purged of oil. Out-door air takes up heat of 
condensation through evaporation of the 
least amount of water; low temperature con- 


densing means freedom from scaling and 
loss of capacity. Niagara sectional design 
offers you lower costs for more compact 
equipment, easier to keep up. You get al- 
ways full capacity, “‘new plant” efficiency 
and continuous savings such as 95% of con- 
densing water cost that add to your profit. 
Managers who know their costs buy Niagara 
Aeropass Condensers. 
Write for Bulletin 131 


NIAGARA BLOWER COMPANY 
Dept. RE-8 405 Lexington Ave., New York 17, N.Y. 
Niagara District Engineers in Principal Cities of U. S. and Canada 





COMPRESSION 
REFRIGERATION CYCLE* 


THIS IS ANOTHER CYCLE CENTER, 
factory assembled and on its way 
to a 150 ton poultry freezing 
plant. 


What will it do?* 


It will provide liquid overfeed to 
the evaporators, catch the excess 
liquid and recirculate it to the 
evaporators, with these results: 


@ FULL COMPRESSOR PROTECTION 
AGAINST SLUGS 


PEAK COIL AND COMPRESSOR 
EFFICIENCIES 


® SUB COOLED LIQUID FEED AT CONSTANT 
PRESSURE THE YEAR AROUND 


PRACTICALLY UNLIMITED RATE OF LIQUID 
FEED AT ABSOLUTELY NO POWER COST 


NO MECHANICAL PUMPS 
NO FLASH GAS IN LIQUID LINES 


* NOT JUST A LIQUID RETURN UNIT. 

Available for any refrigerant, in 
capacities from 10 to 1,000 tons and 
more. Factory assembly is optional. 






SAFE, AUTOMATIC PLANT OPERATION 
OIL SEPARATION, ANY REFRIGERANT 
HIGHER SUCTION PRESSURES 

LARGE POWER SAVINGS 


LARGE SAVINGS IN FIRST COST ON NEW 
PLANTS. FOR EXAMPLE, THE RECEIVER IS 
NOT REQUIRED AND SURGE DRUMS ARE 
ELIMINATED. 


@ AUTOMATIC HOT GAS DEFROSTING AT 
MINIMUM COST 


ASK FOR BULLETIN CC-2 


9. E. Watkins Co. 


307 LAKE STREET, MAYWOOD, ILLINOIS 
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PARTS AND PRODUCTS 





COOLING COIL CLEANER 
Liquid concentrate designed to re- 
store heat transfer and draft in air 
conditioning systems, Metalene is a 
chemical compound for cleaning coils 
and filters. 

A blend of synthetic penetrants, 
when diluted with water it provides a 
safe, odorless, powerful solution for 
cleaning coil exteriors, permanent 
filters and blower fans. It is sprayed 
on and flushed off with garden hose. 

A light film of the liquid applied 
after cleaning will inhibit rust. It is 
harmless to paint. 

It may also be used as an adhe- 
sive to treat permanent type filters 
instead of oil. 

Lester Laboratories, Inc., P. O. Box 
4897, Atlanta 2, Ga. 


CENTRAL CONTROL PANEL 


Indicators for indoor temperature 
and humidity, outdoor temperature 
and barometric pressure are com- 
bined with an electric clock to make 
up this one-location Weather Station 
designed for mounting in the living 
area of the home. 

Patterned after the Supervisory 
Data-Center for industrial use, this 
residential control panel measures 
75 by 14 in. and is recessed between 
studs on an inside wall. All wiring is 
low-voltage. 


A specially designed thermostat, 
having neither an external tempera- 
ture setting dial nor a thermometer, is 
used in conjunction with the station. 
Temperature adjustments up to 6 
deg are made by turning a dial on the 
control panel. Adjustments in tem- 
perature setting of more than 6 deg 
are made by snapping off the thermo- 
stat cover and pushing a small knob 
located in the thermostat interior. 

The electric clock provides auto- 
matic night-time set-back of tempera- 
ture (affixed 5 deg), and morning 
pick-up for the comfort system. A spe- 
cial control switch will change this 
process. 

Outdoor temperatures from —40 
to 130 F are indicated on the panel. 
Capillary and bulb length is 20 ft. 
Alarm lights will indicate a clogged 
filter, need to reset compressor, oil 
burner or gas pilot light. 

Two models provide automatic 
changeover from heating to air con- 
ditioning, and two provide semi-auto- 
matic changeover. 
Minneapolis-Honeywell Regulator 
Company, Residential Div, 2747 
Fourth Ave., S., Minneapolis 8, Minn. 
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PORTABLE INSULATION 
TEST SET 


Tests of motors, generators, cables 
and control equipment for insulation 
leakage current and voltage break- 
down may be made with the Hypotr 
Model 5205 Portable D-C High Volt- 
age Test Set. The test voltage is con- 
tinuously variable from 0 to 5000 volt 
de, providing leakage current tests of 
insulation on every type of industrial 
equipment, ranging from those oper- 
ating on 115 to 2500 volt ac power 
sources. 

One indicating instrument meters 
the output voltage directly across the 
test terminals, and the other is for 
leakage current with a selection of 
four sensitivity ranges: 0-2, 0-20, 
0-200, 0-2000 microamp. Leakage cur- 
rent as low as .05 microamp may be 
measured. 

The self-contained power supply 
operates from a 115 volt ac line, util- 
izing selenium rectifiers to provide 
5000 volt de, with a high current out- 
put of 15 milliamp available. 
Associated Research, Inc., 3777 W. 
Belmont Ave., Chicago 18, Ill. 


FORCED-DRAFT BOILERS 


Packaged commercial and industrial 
boilers feature forced-draft firing and 
a front-mounted control panel pro- 
viding a selector switch for instant 
fuel change-over on combination gas 
and oil units. 

Designated Square-Heat Type 
RF units, they cover a range of SBI 
ratings from 1010 to 5620 sq ft and 
water from 243 to 1350 mbh. The 
burner fires natural, mixed or L.P. 
gas or No. 1 or 2 fuel oil, or combi- 
nation gas and oil. The burner and 
all controls are installed and wired at 
the factory. 

In addition to conventional safety 
controls, an air-flow safety switch de- 
lays firing until the forced draft blow- 
er is operating at the correct speed. 
American-Standard, Industrial Div, 
Detroit 32, Mich. 


TEMPERATURE RESET 
SEQUENCE SWITCH 


Consisting of an outdoor sensing bulb 
and a system for load transfer of up 
to six stages, actuated by variants of 
one deg if desired, this multiple com- 
pressor device protects the user 
against single compressor breakdown, 
and is designed for thermostatic con- 
trol of air conditioning in auditoriums, 
churches, theatres, and other build- 
ings where sudden load changes oc- 
cur. Fast cycling results in close 
temperature tolerances. 

George T. Hall Company, Los An- 
geles, Calif. 





1750 RPM REFRIGERATION 
COMPRESSORS 


Four-pole direct-connected motors 
eliminate the necessity of V-belts and 
sheaves in this line of hermetic and 
direct coupled drive units, designed 
to operate at 1750 rpm. Interchange- 
ability of components between the 
field serviceable hermetic compressor 
and the coupled compressor reduces 
to a minimum the local inventory re. 
quired to render replacement of all 
components subject to wear. 





This line is available in six sizes 
ranging from 15 to 80 ton capacities. 
Worthington Corporation, Harrison, 
New Jersey. 


AIRBORNE WATER COOLER 


Operable from standard 400 cycle 
three-phase power, this lightweight 
unit is designed specifically for air- 
borne use. The Taskline water cooler 
is intended to answer airline problems 
of passenger demand while reducing 
costly ground servicing, supplying 
cooled drinking water at predeter- 
mined temperatures within five min- 
utes after electrical power is supplied 
to the aircraft. 

Task Corporation, 1009 E. Vermont 
Ave., Anaheim, Calif. 


FLEXIBLE PIPE HANGERS 
Basically spring-actuated counterbal- 
ances, these hangers are designed to 
provide constant load-supporting ca- 
pacity for piping systems subject to 
expansion and contraction due to tem- 
perature changes. All main load-carry- 
ing parts are located at one end of 
the structure, permitting installation 
in congested locations. The over 
hanging spring assembly can be re- 
volved at any angle about the load 
and support rods, permitting addi- 
tional installation flexibility, and ver- 
tical distance between support and 
load connections is as short as pos 
sible, for installation where headroom 
is limited. In case of extreme head- 
room limitation, the turnbuckle and 
providing rod adjustment at the end 
of the support or load rods can be 
eliminated. 
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Counterpoise Constant Support 
Hangers are available in four basic 
types: single and double suspension 
models, a vertical model and a junior 
model. 

Fee and Mason Manufacturing Com- 
pany, Inc., Manasquan, N. J. 


DUAL RECORDING 
THERMOMETER 

Equipped with two thermal sensing 
elements and two pen mechanisms in 
the same body, Model TRH is de- 
signed to sense and record tempera- 
tures up to 1100 F, simultaneously in 
two locations. The pens operate on 
a two-hour differential to prevent in- 
terference in the event that both 
sensed temperatures are the same. 
Available with either 
spring-driven chart drives, the ther- 
mometer has ten applicable scale 
ranges. Elements of the same scale 
ranges are interchangeable, regardless 
of the bulb type, allowing field re- 
placement of elements. 

Partlow Corporation, 525 Campion 
Rd., New Hartford, N. Y. 


POSITIVE DRIVE BELTS 
AND PULLEYS 


Molded teeth on the belt are designed 
to make. positive engagement with 
mating axial grooves on the pulleys in 
this line, combining the advantages of 
the chain and gear with those of the 
belt. Available on drives up to 600 
hp and from speeds under 100 fpm 
to over 10,000 fpm, these belts are 
adaptable to virtually every kind of 
power transmission drive, large or 
small. 

Worthington Corporation, Harrison, 
New Jersey. 


CENTRIFUGAL PUMP 

Offering flexibility of application and 
conserving weight and space, this 
pump utilizes two metal stampings 
bolted together to form a_ housing 
which encloses a welded impeller as- 
sembly. With the same basic pump 
casing, a wide range of capacities be- 
comes practical by varying the im- 
peller design and the motor size. 

The pump is available coupled 
directly to motor, extended from mo- 
tor flange for special applications, and 
with the pump alone mounted on 
base for coupling to any power sup- 
ply. 

R. S. Corcoran Company, P. O. Box 
1401, Mound at Brandon, Joliet, Il. 


FLAT QUARTZ PORTABLE 
HEATER 


Rated at 1320 watt, the All-Radiant 
Portable features a flat quartz ele- 
ment designed to heat without de- 
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hydration of the air or creation of 
drafts. The unit is U.L. approved and 
comes with automatic thermostat, 
safety tip-over switch and pilot light. 
Ampere Industries, 60 Boston St., 
Newark 3, N. J. 


ELECTRIC AIR CONDITIONER 
Increased capacity of from 10 to 14% 
and reduction in size characterize this 
unit, the design of which has been 
greatly simplified. Liquid indicator is 
used to measure the amount of re- 
frigerant in the condenser coil, as- 
suring the right amount of charge at 
all times. Both high and low pressure 


switches are used as standard equip- 
ment to protect the compressor and 
electrical components against exces- 
sive loads and overheating in the 
event of a low charge. 

A 2-in-1 condenser coil is cited 
as being responsible for the increase 
in efficiency; after its normal job of 
converting hot refrigerant gas into a 
liquid, it after-cools the liquid ap- 
proximately 20 deg. 

Model 562 comes in three sizes 
rated at 24,000, 36,000 and 46,000 
Btu/hr. 

Bryant Manufacturing Company, In- 
dianapolis, Ind. 





electric or | 


SUPPLEMENTAL 


HEATING 


ELEMENTS 
GIVING 
vou 









ARE THE OGRES OF DESIGN, PRICE, PERFORMANCE 
AND DELIVERY CHASING YOU ALL NIGHT LONG? 
WHY NOT DO WHAT MOST MANUFACTURERS OF 
EQUIPMENT USING SUPPLEMENTAL HEAT ARE 
DOING? CALL THE TUTTLES IN TECUMSEH (PHONE 
NO. 1008) AND SLEEP PEACEFULLY AGAIN. 





Heating elements 
designed and 
manufactured with 


or without controls. 


STOP AND SEE US IN OUR NEW PLANT. 
“the house of quality”’ 


H. W. TUTTLE & CO. 


TECUNMSGEEA, 


MICHIGAN 


Manufactured and distributed in Canada by CRONAME (Canada) Ltd., Waterloo, Quebec 
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INSULATION 


eS 


STYROFOAM 


Key to permanently low operating costs 


When Styrofoam* insulates low tempera- 
ture space, the long term costs of operating 
refrigeration equipment tumble to a new 
low ... and stay low, permanently! There’s 
no loss of insulating efficiency with the pas- 
sage of time, thanks to an unmatched com- 
bination of physical properties. 


Here’s a rigid plastic foam insulation with 
thousands of tiny, individual air cells in 
every cubic inch. This cellular structure 
provides an extremely low “K” factor plus 
high resistance to the passage of water and 
water vapor. With Styrofoam there’s no 
water pickup . . . consequently its heat con- 
ductivity stays low. And when heat load 


stays at virtually the same low level over 
years of service, your equipment operating 
costs stay uniformly low, too! 

And here’s another important factor in low 
operating costs. Because Styrofoam won’t 
freeze, swell or crack — won’t permit ice 
formation, often the cause of buckled insu- 
lation—there’s no need for periodic replace- 
ment and your equipment won’t have to 
work overtime removing heat introduced 
during repair. 

For more information, contact the Styro- 
foam distributor near you, or write THE 
DOW CHEMICAL COMPANY, Midland, Mich., 
Plastics Sales Dept. 2222JZ8. 


*Dow's registered trademark for its expanded polystyrene 











THE DOW CHEMICAL COMPANY + MIDLAND, MICHIGAN 
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Unyielding water resistance — 


STYROFOAM 


for pipe covering insulation 


low-temperature pipe covering made of 
Styrofoam* does an excellent job and lasts 
alifetime. Its unyielding resistance to mois- 
ture and its permanent low thermal conduc- 
tivity prevent condensation and dripping— 
teduce heat transfer. 


Styrofoam will not crack or split from chang- 
ing temperature and it is not subject to ice 
buildup around valves. It’s lightweight and 
fasy to apply—requires no maintenance. A 
fmplete line of pipe and vessel covering 
Made from Styrofoam is available from a 
timber of fabricators. For their names and 
More information, write to THE DOW CHEMI- 
CL company, Midland, Michigan, Plastics 

Department 2222JZ8. 

*STYROFOAM is a registered trademark 

of The Dow Chemical Company 


<> 
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RIBBON THREAD SEALER 


Non-flammable and with negligible 
water absorption, Fluoro-Plastics 
Thread Sealant Ribbon +26 is manu- 
factured for use on pipes, stud bolts, 
bungs and other threaded materials, 
acting as a compressible solid and 
molding itself to the threads. Of 
100% Teflon in ribbon form, it can 
be used effectively at continued oper- 
ating temperatures from 450 to 
+500 F, substantially retaining its 
physical properties w ithin this range. 
Fluoro- Plastics, Inc., 2417-X38 Fed- 
eral St., Philadelphia 46, Pa. 


DIAL THERMOMETERS 
Available in 12 temperature ranges 
between —40 and +450F, these 
thermometers are offered with a wide 
choice of special mountings including 
an adjustable angle type which per- 
mits facing the dial in any vertical 
position throughout a 200 deg are. 
Standard equipment includes a 5-ft 
armored tube system with union con- 
nected copper bulb. Options include 
special materials for bulbs, sockets 
and tube systems. The units are also 
available with solid liquid filled tube 
systems with evenly graduated dials. 
H. O. Trerice Company, 1420 W. 
Lafayette Blvd., Detroit 16, Mich. 


BACTERIA-KILLING AIR 
FILTERS 
Air filters which trap and kill germs 
have been introduced for medical, 
home, industrial and institutional use 
by this manufacturer, fitting all types 
of air conditioners, furnaces and air 
circulators, and available in 300 dif- 
ferent models and sizes. 

The filtering media consists of dry 
synthetic fibers bonded together to 
form a maze of dirt traps and treated 
with a germicidal agent. This cellu- 
lose acetate material is odorless, white, 
non- splintering and non-irritating. Use 
of a dry media ends the problems of 
cleaning oil scum from ductwork, 
caused by oil wetted fibers. 
Fram Corporation, Providence 16, R.I. 


TWO-STAGE REFRIGERATION 
MACHINES 


Designed specifically to provide 
chilled water for air conditioning of 
large buildings and factories, these 2- 
stage Tonrac refrigeration machines 
are also adaptable to heat pump ap- 
plications. For applications requiring 
400 to 800 ton operating capacity, the 
unit, designated Series 235, operates 
on Refrigerant-11. 

The machines are powered by 
water-cooled hermetic motors, avail- 
able for operation with 208 to 6600 


volt current. The hermetic design 
avoids the need for shaft seals, field 
alignment of moving parts and multi- 
step foundations. Operating at 3600 
rpm, impellers are directly driven and 
are supported on the overhung ex- 
tended motor shaft, eliminating the 
need for speed gears. 
American - Standard, 
Detroit 32, Mich. 


Industrial Div, 


INVERTED FORCED 

DRAFT BURNERS 

Fully automatic, these inverted forced 
draft power pressure burners are 
available in oil, gas and combination 
gas-oil units. Capacities, in appro- 
priate sizes, range from seven to 





of 1,000,- 
Shown in 


thirty gph, or gas capacity 
000 to 4,200,000 Btu/hr. 
Type PCPSF, Size 3. 
Ray Oil Burner Company, 1301 San 
Jose Ave., San Francisco, Calif. 


LOAD LIMITING RELAY 


Protection for motors of centrifugal 
refrigeration compressors from over- 
load on start-up is provided by the 
V-26 Load Limiting Relay, designed 
for pneumatic control systems and 
capable of being used with all makes 
of compressors. 

Connected in the control line to 
the suction damper operator, it limits 
the output capacity of the compressor 
to the full load motor ampere rating 
and can be adjusted for any current 
value between 3 and 7 amp. Since 
it is used with motors having many 
times this ampere rating, a current 
transformer is used to provide a cur- 
rent within these limits. 

This relay may also be applied to 
fans, pumps, and electric heating 
systems. 

Johnson Service Company, Milwau- 
kee 1, Wisc. 


AIR DEHYDRATOR 


Manufactured for the extraction of 
moisture from compressed air lines, 
these devices make use of localized 
refrigeration to impart new dew- 
points to air supplies as low as re- 
quired to preclude the precipitation of 
moisture in the process lines. Com- 
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pletely self-contained, with hermeti- 
cally sealed refrigeration systems, they 
incorpors ate automatic non-shut- down 
defrost cycles without resorting to 
reverse cycle refrigeration and auto- 
matic rejection of water as collected. 
Various sizes are available to accom- 
modate a wide range of cfm, pres- 
sures and temperatures of entering 
air. 

Extract-O-Moist Manufacturing Com- 
pany, P. O. Box 5852, Birmingham 9, 
Ala. 


DUPLEX PUMP CONTROLS 


Developed for control of motors on 
twin pump installations where two 


Only Remco offers so wide a selection of sizes and types 


Fast-acting Molecular Sieves keep system moisture concentration to 10 
ppm or lower even at 140°F, and hold acid to far below dangerous 





pumps operate either individually or 
in conjunction to provide the neces- 
sary pumping operation depending 
upon the pumping rates required, the 
combination type units provide a dis- 
connect means for every motor, either 
through the use of a disconnect switch, 
fusible or non-fusible, or a thermal 
magnetic trip circuit breaker placed 
in series with the starter and the load. 
Claiming many advantages for the 
single enclosure over separate starters 
and_ disconnects, the manufacturer 
points out that all interior wiring is 
done at the factory, simplifying in- 


stallation and maintenance. 
As a safety 


REMCO 


MOLECULAR SIEVE FILTER-DRIERS IN 


4 thru 40 tons 


all combina- 


feature, 





REMCO SEALED TYPE 





corrosion limits. Massive depth filter removes all scale, sludge and car- 
bon as small as 10 microns. Remco Filter-Driers work equally well in 
the hot machine compartment or the refrigerated space. U/L Approved, | 


working pressure is 500 psi; minimum bursting pressure, 
SEALED and REPLACEABLE CARTRIDGE TYPE Filter- 
Driers are available in % thru 40 tons, with 4” 
thru 1546” flare or sweat connections. 


ADAPTER TYPE Filter-Driers, /2 thru 12 tons, connect | 
easily to Remco adapter fittings which are installed 
permanently in line. Adapter fittings have “4” thru 
5%” flare or sweat connections; available with in- 
tegral liquid-indicator or moisture-liquid-indicator. 


All Remco Molecular Sieve Filter-Driers and adapt- 
er fittings have full refrigerant flow. Ask for them 
at your local refrigeration wholesaler’s. or write for 
Bulletin MS-1. Remco, Inc., Zelienople, Pa. 


REMCO 


REMCO REFRIGERATION COMPONENTS: FILTER-DRIERS & ADAPTER 
FITTINGS » CHECK VALVES + MOISTURE & LIQUID INDICATORS 
RECEIVER-DRIERS * SAFETY DEVICES + FROST-TITE FLARE NUTS | 





Replaceable Cartridge Type 





Adapter Type with moisture- 
liquid-indicator adapter fitting 
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2500 psi. | 


tion Type DP Duplex Pump Controls 
have the front operated mechanism 
mechanically interlocked with the 
cover of the enclosure, making it nee- 
essary to disconnect the circuit before 
the door can be opened. 
Non-combination types consist of 


two magnetic starters and a single 4 


relay for electric alternating mounted 
in one enclosure. 

These controls are normally 
plied pape 3-pole construction for 3 
wire, 2 or 3 phase power systems. 
bo ry available include General 
Purpose Nema 1, for indoor use; Gen- 
eral Purpose Nema 1 with neoprene 


gasket, for dusty locations, and Nema 7 


2, Drip Tight, for use where exces- 
sive moisture is present. 


Arrow-Hart and Hegeman Electric : 
Hart- | 


Company, 123 Hawthorn St., 
ford, Conn. 

CENTRAL STATION AIR 
CONDITIONERS 


Major design, performance and serv- 7 


ice-feature changes have been made 
to this manufacturer’s line of central- 
station air conditioning equipment for 
single-zone applications. The line is 
now being marketed in 30 models, 
vertical and horizontal types, each 
type being available in capacities 500 
through 35,000 cfm. 

Featured is construction permitting 
full access from any exposed side of 
the unit, with an extra-large access 
door being provided. Citing a num- 
ber of benefits, the manufacturer is 
internally mounting both motor and 
drive within the fan section. Pur- 
chaser has option of high velocity or 
velocity filter section. 

Drayer-Hanson, Div of National-U.S. 
Radiator Corporation, 3301 Medford 
St., Los Angeles 63, Calif. 


HEAT-SETTING LIQUID 
PLASTICS 

Essentially a coating or molding com- 
pound which is in a liquid state under 
ordinary room conditions, this prod- 
uct can be converted to a structurally 
strong solid by heating to moderate 
temperature without pressure. Vir- 
tually no shrinkage occurs through 
the conversion process. 

Unlike many paints, lacquers and 
most plastics, Logosol is custom for- 
mulated. For example, it can be made 
as a soft rubber-like elastic material, 
or as a hard, firm, rigid solid. It can 
have a high degree of abrasion resist- 
ance, resist acids, alkalies or other 
chemicals, provide high dielectric re- 
sistance for electrical insulation, or 
have many other purposes. 

Bee Chemical Company, Logo Div, 
12933 S. Stony Island Ave., Chicago 
33, Il. 
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Another Tinnerman Savings Story... 


Easier, faster, better, cheaper...4 reasons 
to use SPEED GRIP’ Nut Retainers 


Easier ... because anyone anywhere on the J. IL. 
Case tractor production line can snap the spring 
steel retaining legs of the SPEED Grip into punched 
panel holes. No special skill required. Hole align- 
ment is no problem — the nut “floats” inside the 
cage to compensate for normal tolerances in the 
parts being assembled. 


Faster ...no staking, no welding. No retapping 

of paint-clogged threads because SPEED GRIPS can 
be applied after painting. And they pop quickly 
and easily into position for final assembly. 


Better ... heavy-duty SpeEEp Grips make possible 
sturdy, reliable attachments because both the cage 
and the nut are made of high quality steel. In case 
of accidental cross-threading, the SPEED GRIP can 
easily be replaced. You never have to “make do” 
with a sub-strength fastening. 


Cheaper ...J. I. Case estimates a savings of about 
30% per fastener over the previous method. 
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Want to achieve these benefits of SPEED Nut 
Brand Fasteners for your product? Refer to your 
Sweet’s Product Design File, section 7-Ti, then 
call your Tinnerman representative (listed in most 
Yellow Pages under “Fasteners’”). Or write to: 


TINN ERMAN PRODUCTS, Inc. 
Dept.12 - P.O. Box 6688 «+ Cleveland 1, Ohio 


TINNERMAN 


FASTEST THING IN FASTENINGS® 


Sais eo ee 5 ES 


CANADA: Dominion Fasteners Ltd, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerocessories Ltd., Treforest, Wales. FRANCE: Simmonds S.A, 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecano-Bundy GmbH, Heidelberg 
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HIGH-CAPACITY COOLING 
TOWER 


Smaller and weighing less than con- 
ventional models of similar capacity, 
these towers utilize a new material 
which speeds transfer of heat to the 
air, and requires only one-fourth of 
the space occupied by the conven- 
tional grid construction. 

This fill is made of pressed wood 
fibers in a porous honeycomb pattern 
impregnated with phenolic _ resins, 
which is resistant to aging, chemical 
deterioration and deposit of scale 
from the water. 

Carrier Corporation, Syracuse 1, N.Y. 
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MULTIPLE TESTING UNIT 


Equipped with three stainless steel 
test cells, each having a net test area 
of 14 cu in., this unit provides test 
temperatures adjustable from 0 to 
—20 F in Cell A, —35 to —45F in 
Cell B, and —60 to —75 F in Cell C. 
A cascade refrigeration system 
equipped with % and 1-hp accessible 
hermetic motor compressors provides 
the refrigeration for all three cells. 
Each compartment is individually 
controlled and operation is charted 
by individual recording thermome- 
ters. For minimum temperature varia- 
tion, an 8-in. air circulator is pro- 





ANSUL 


REFRIGERATION PRODUCTS 
FIRE FIGHTING EQUIPMENT 
INDUSTRIAL CHEMICALS 











vided for each area. Plexiglass inner 
lids cover each cell to minimize tem- 
perature loss and variation when any 
of the adjoining cells are open. : 
Cincinnati Sub Zero Products, 3932 
Reading Rd., Cincinnati 29, Ohio, 


SMOKELESS OIL BURNER 
Applying proven principles of com- 
bustion currently being used in jet 
aircraft and rockets, this manufac- 
turer has developed a compact hot 
water boiler to provide smokeless 
combustion at all air shutter settings, 
from full open to the permanent stop. 
The design of Zone-A-Matic boiler 
units results in an intensified flame 
pattern cited as achieving full com- 
bustion of the fuel particles in the 
combustion chamber proper, so that 
incompletely burned fuel particles do 
not enter the flue passages to be 
cooled and deposited as carbon on the 
flue surfaces. 

Edwards Engineering Corporation, 
101 Alexander Avenue, Pompton 
Plains, N. J. 


FLEXIBLE METAL TUBING 


Three grades of flexible metal tubing 
in an enlarged range of sizes and ma- 
terials are now available from. this 
manufacturer, for applications such as 
dust and fume collectors, suction and 
blower hose, blow-pipe and ventilat- 
ing systems, refrigeration supply lines, 
armoring and shielding conduit, do- 
mestic and industrial space heaters, 
and hot air heater connections. Made 
with interlocked construction of strip 
metal in a choice of thicknesses from 
0.010 to 0.034 in., this tubing is 
available in galvanized, cold rolled 
and stainless steel, and bronze. 
International Metal Hose Company, 
Bellevue, Ohio. 


AREA TRAVERSE UNIT 


Both manually operated and remote 
controlled, these units provide de- 
tailed measurements of velocity, pres- 
sure, direction and temperature at 
any point on a given cross section of 
a flow duct or other piece of fluid 
flow machinery. Different types of 
primary probes can be utilized for 
measuring total pressure alone or total 


pressure, static pressure, pitch angle, 
yaw angle, and total temperature. — 
They can be used conveniently to de- — 
termine total flow or energy at a given 
fluid stream cross section by inte- 


grating the areas inside the contour 
lines. Direct measurements of effi- 
ciency of turbines, blowers and com- 
pressors may be made, and the thrust 
of jets can be measured directly. 

United Sensor and Control Corpora- 
tion, Box 127, Glastonbury, Conn. 
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When they make a promise they keep it! 
These men are in charge of meeting the 
production schedules for GM Steel Tubing 
serpentines. They are George Gundell, 
General Foreman, and John Bida and 
Frank Radde, Foremen of Serpentine 
Forming. These men see to it that your 
order of GM Steel Tubing serpentines, 
regardless of size or complexity of fabri- 
cation, reaches you when you want it. 





EP treet, 


PRODUCTS 


AMERICA'S LARGEST MANUFACTURER OF REFRIGERATION TUBING 





THE MOST PROMISING JOBS IN TUBING! 


They work to strict schedules so that all 
of the extra-quality controls can be given 
your tubing. They know these extra pre- 
cautions make GM Steel Tubing the 
cleanest you can buy ... quality-controlled 
many times beyond your specifications. 
Put some on test today. You'll see why 
GM Steel Tubing is ahead in Refrigeration 
sales... by miles. 

SEE SWEET'S CATALOG Io/Ro 
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BULLETINS 





Safety Unit. Flame Failure Bulletin 
523 explains the safety factor of a 
unit designed to eliminate explosions, 
and covers the unit’s flexibility in ap- 
plication to oil, coal or gas installa- 
tions. The flame failure safeguard re- 
acts only to a flickering flame and is 
a constant monitor assuring maximum 
protection in a wide range of indus- 
trial or commercial combustion in- 
stallations. Capsule descriptions of the 
principle of operation are included. 


CONTROLS 
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The following Automatic Valves ore available 
for your defrosting systems: 


Photomation, Inc., 96 South Wash- 
ington Avenue, Bergenfield, N. J. 


Manual Fluid Flow Control. Design 
of instruments used for measuring 
and controlling fluids flowing at low 
rates makes them suitable for front-of- 
panel mounting or for mounting di- 
rectly in pipelines, as described in 
Bulletin 18P. The Purge Rotameters 
are applicable to liquids and gases. 
Nine flow ranges are listed, all ob-- 
tained in the same basic body through 
the use of interchangeable glass me- 
tering tubes and glass or stainless 
steel floats. 


HOT GAS SOLENOIDS 

EVAPORATOR RELIEF 

SUCTION SOLENOIDS 
COMPRESSOR HOLDBACK 
GRAVITY LEG SHUT-OFF 


Write for our Catalog 


| REFRIGERATING SPECIALTIES CO. 


3004 W. LEXINGTON ST. 


@ CHICAGO 12, ILLINOIS 








The smallest capacities available 
over a 10 to 1 range are 0.6 
water, or 0.50 scfh of air (metered af 
10 psig). Capacities of the largest 
units are 12 gph water, and 70 sefh 
of air (metered at 10 psig). 

Described is the basic unit tg 
measure and indicate flow, and the 
combination of it with a differential 
regulator to provide simplified auto. 
matic control of fluid rate of flow. 
Schutte and Koerting Company, Ip 
strument Div, Cornwells Heights, 
Bucks County, Pa. 


Air-Over Fan Motors. In ratings of | 
to 125 hp, enclosed and explosion. 
proof, the motors described in Bulle 
tin 2950 are designed for operation 
in ventilating systems, exhaust sys. 
tems, cooling towers and all air moy- 
ing installations where a motor drives 
a propeller or axial flow fan. 

The bulletin gives application 
data for determining the motor h 
rating required in an installation for 
various air velocities across the motor. 
Motor design utilizes air circulated in 
these installations to cool the motor. 

Dimensions and data on recom- 
mended maximum fan weight, thrust 
and location are also given. 

Louis Allis Company, 427 E. Steward 
St., Milwaukee 1, Wis. 


Variable Speed Drives. Photographs 
of the basic tvpes of variable-speed 
drives, and of a large varietv of modi- 
fications are included in Bulletin 195 
along with suggested applications and 
detailed information regarding hp, 
duty, mounting stvles, enclosures and 
electrical characteristics. 

Sterling Electric Motors, Inc., 5401 
Telegraph Rd., Los Angeles 22, Calif. 


Air Compressor. Designed to deliver 
clean air for applications involving 
one air line respirator or one air line 
hood, this compressor is capable of 
delivering 6 cu ft of air per min at 
8 to 10 psi through lengths of hose 
up to 50 ft. As covered in Bulletin 
1009-12, the M-S-A diaphragm tvpe 
air compressor is presented with di- 
mensional and constructional details, 
including such features as permanent 
lubrication, specially reinforced flexi- 
ble diaphragms, stainless steel valves 
and large-capacity intake filters. 
Mine Safety Appliances Company 
201 North Braddock Avenue, Pitts 
burgh 8, Pa. 


Packaged Air Conditioners. Complete 
air conditioning systems, in one pack- 
age, are produced in several models 
ranging from 20 to 60 ton. These 
units feature complete one-side acces 
sibility, with all controls and mainte 
nance points on one side of the unit 
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so that it may be installed close to a 
wall. Construction details. dimen- 
sions, model designations, cooling ca- 
cities, compressor motor hp and 
other engineering information are 
covered in 8-page Bulletin 570. 
Acme Industries, Inc., Jackson, Mich. 


Installation Guides. Two booklets, one 
on packaged liquid coolers, and the 
other on condensing units and motor 
compressors, contain all essential data 
needed for installing the equipment. 
Complete with line drawings which 
show locations of units, various charts 
and tables, and instruction sheets, the 
guides provide the contractor with 
easy-to-read information. 

Bell & Gossett Company, Morton 
Grove, Ill. 


Force-Flow Chiller. For the refrig- 
eration, circulation and closely con- 
trolled temperature of water, liquid 
chemicals or acids, or many types o 
corrosive or non-corrosive liquids, 
these force-flow packaged liquid chill- 
ers, as mentioned, may be used in 
scientific and laboratory work, prod- 
uct cooling during manufacture and 
other areas. They are in %, 1/3 and 
% hp sizes with air or water cooled 
condenser and will maintain bath 
temperatures in ranges from —30 to 
TF. Models with a temperature 
range of 15 to 75F are equipped 
with corrosion resistant stainless steel 
type 316 evaporator and corrosion re- 
sistant Zytel nylon pump with stain- 
less steel shaft and fittings. 

Remcor Products Company, 321 E. 
Grand Ave., Chicago 11, Il. 


Nameplate Designing. Intended for 
use by the engineer, draftsman, or 
Standards Department personnel for 
use in designing nameplates for pro- 
totype of quantity production in the 
initial stage of product development, 
this 20-page booklet provides instruc- 
tions on lettering, composition, rough 
layout, selection of materials, name- 
plate processes, steps in manufactur- 
ing, and check-off list for nameplate 
buyers. 

H. G. Dietz Products Company, 12-16 
Astoria Blvd., Long Island City, N. Y. 


Thermistor Probes. Technical charac- 
teristics of interchangeable thermistor 
probes are given in this 6-page bulle- 
tin with sections on the advantages 
of thermistor based temperature meas- 
urement and control, and on applica- 
tion areas for this type of instrumen- 
tation. : 

_ _ The probes described are for use 
in Thermistemp remote reading Tele- 
thermometers and controllers, or for 
we as Component transducers in spe- 
cially designed instrumentation. 
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Whatever type of insulation 
is specified on your job... 


has sections on the principles of 
chromatography, applications, natural 
gasoline analysis, accessories, specifi- 
cations and descriptions of the fea- 
tures of the instrument, which con- 
sists of two units, a control and an 
analyzer. 

Consolidated Electrodynamics Corpo- 
ration, Analytical and Control Instru- 
ment Div, 360 Sierra Madre Villa, 
Pasadena, Calif. 


Yellow Springs Instrument Company, 
Inc., Yellow Springs, Ohio. 


Analysis Instrument. Specifically de- 
veloped for the laboratory analyst, 
Type 26-201A Chromatograph, as de- 
scribed in Bulletin 1831, is a compact 
instrument for the quantitative analy- 
sis of gases and volatized liquids. 
Based on the chromatographic princi- 
ple of component separation by selec- 
tive adsorption, solution, or reaction, 
the instrument utilizes the elusion 
method to produce complete separa- 
tion. 


The illustrated, 16-page booklet 


Industrial Gases. Production and com- 
mercial applications of such gases as 
oxygen, nitrogen, argon, helium, acet- 


(Continued on page 103) 





always use 


INSULATION 
ADHESIVE 


Laykold Insulation Adhesive has been 
the “standard” of the industry for 
more than 20 years. It is approved and 
used by a majority of the leading in- 
sulation manufacturers and contractors 
in the industry. 


Laykold Insulation Adhesive is a cold- 
applied, asphalt-base material of 
smooth, buttery consistency that quick- 
ly sets to a tacky film. It is easier and 
faster to use. Applied by brush or spray, 
you get superior performance on every 
job, from vapor barrier construction to 
placement of insulating materials on 
walls, floors and ceilings. 


Call the Laykold Engineer i: our near- 
est office for full information on Lay- 
kold Insulation Adhesive. 


American Bitumuls & Asphalt Company 


320 MARKET, SAN FRANCISCO 20, CALIF. Atlanta 8, Ga. Portland 8, Ore. 
Perth Amboy, N. J. Mobile, Ala. Oakland 1, Calif. 
Baltimore 2, Md. St. Louis 17, Mo. Inglewood, Calif. 
Cincinnati 38, Ohio Tucson, Ariz. San Juan 23, P.R. 


BITUMULS® Emulsified Asphalts » CHEVRON® Paving Asphalts » LAYKOLD® Asphalt Specialties 
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(Continued from page 50) 
photograph was taken after morc 
than three hours of continuous op- 
eration. Oil ripples appeared in the 
oil stream at the bottom of the 
horizontal leg but these ripples 
were nearly stationary. Their vel- 
ocity was estimated at less than 
1.0 in. per min. Above this oil 
stream the suction line was com- 
pletely clear. Turbulence in the 
bends of the trap caused no more 
than a slight mist to form. The pool 


of oil at the bottom of the trap 
was about the same thickness as 
in Test No. 5 but in this case the 
surface of the pool was turbulent. 

Some oil condensed at the sur- 
face of the pipe and just beyond 
the bend. No film appeared in the 
riser beyond this condensation. 
The system operated several hours 
without apparent change in crank- 
case oil level or without change 
in quantity of oil in the pool at 
the bottom of the bend. Again it 
must be concluded that the small 
quantity of oil in circulation must 
have traveled in the horizontal and 


=SWAP- ACTION 


in MAGNI-CHEK valve 


by 





MAGNI-CHEK is a non-electric magnetically operated 
check valve. Since no springs are used it therefore cannot 
be affected by operational or soldering heat. 


MAGNI-CHEK incorporates a floating 
disc controlled by a lifetime alnico mag- 
net. The pressure required to either snap 
open the disc or snap it closed is fractional 
and, therefore back pressure is practic- 


ally eliminated. 







ALNICO MAGNET 


DISC OPEN peso 


U.S. Pat. No. 2,646,071 
and 2,824,756 


REDUCES INVENTORY 


MAGNI-CHEK incorporates the amaz- 
ing T-S connection which allows up to 
50 different installations with only 4 


standard size valves. 











G3LIINNOD 2aV14 


G31)3NNO) 4010S 


For additional information on MAGNI-CHEK and the T-S 


connections write to Dept. J-8 


1020 E.15th STREET e HIALEAH, FLORIDA 
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vertical legs of the trap as a trans. 
parent colloidal dispersion. 


Test No.7. Fig 13 reveals the flow 
pattern of the oil in the transparent 
trap when the suction line vapor 
velocity was 670 fpm. The photo- 
graph was taken after more than 3 
hr. of continuous operation of the 
system. The suction temperature 
and superheat were approximately 
the same as in Test No. 5 and Test 
No. 6. Oil ripples in the oil stream 
in the horizontal leg moved at 
about 2.0 in. per min. Only a small 
pool of oil still remained at the bot- 
tom of the trap but this pool was 
blown to the riser side by the va- 
por. Oil ripples moved slowly up- 
ward along the surface in the up- 
ward leg of the trap. At this veloc- 
ity the vapor travel is sufficiently 
turbulent to cause condensation of 
oil by impingement along the sur- 
face of the pipe. 


CONCLUSIONS 


1. The study of oil flow in long 
horizontal suction lines was con- 
ducted at lower suction pressure, 
higher superheat at the trap, and 
a lower concentration of oil in the 
refrigerant than that of the per- 
formance of a “P” shaped trap at 
the bottom of a suction riser. The 
combination of these factors affect 
the oil flow pattern considerably 
and further work needs to be done 
to adequately separate their effects. 
It appears, however, that the con- 
centration of oil in the refrigerant 
is the most significant. 

2. At the low concentration of 
oil in the refrigerant of the second 
study 0.6% or lower it would be 
quite difficult to encounter an oil 
return problem, except by tapping 
into the bottom of a_ horizontal 
suction main or by improper drain- 
age at the evaporator. 

3. If the concentration of oil 
in the refrigerant is sufficiently low 
it may be carried through a hori- 
zontal or vertical suction line as a 
transparent colloidal dispersion. 

4. Refrigerant-12 compressors 
can be designed which will put 
such a small quantity of oil in cir- 
culation that it would be exceed- 
ingly difficult to encounter an oil 
return problem except by tapping 
into the bottom of a_ horizontal 
suction main or by improper drain- 
age at the evaporators. 
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When aluminum | 








is part of your 








product. a 


All aluminum 
home freezers 





Air conditioning bonnet coil 


check with ANACONDA ALUMINUM 


Anaconda Aluminum combines the two features ‘“‘most wanted’? by aluminum buyers in 
selecting a source of supply. 

First: Anaconda Aluminum craftsmen will custom-produce your order, constantly checking 
and double-checking it to be sure your specifications are met precisely. We produce a full range 
of aluminum in all forms— pig and ingot, coiled and flat sheet, rod, bar, structurals, tubular 
and other extruded shapes. 

Second: You’ll like the way Anaconda Aluminum’s flexible operations will schedule your order 
fast, and ship it on time. This flexibility is designed into Anaconda Aluminum’s new facilities for 
this one reason—to give you the service you want! 

Talk over your next aluminum order with your local Anaconda 
Aluminum representative ...or write our General Offices, Dept. J-8, 
Louisville 1, Kentucky. 


Every industry has one member 
who specializes in customer satisfaction 





ANACONDA ALUMINUM COMPANY «+ GENERAL OFFICES, LOUISVILLE, KENTUCKY 
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CUT COSTS! 








100 








— 
—. 


~~ 
—_— 


30000 8 


“Let me tell yol 


** As a Bendix-Westinghouse engineet 
I have just seen the first production 
models of three new compressors— 
30,000, 36,000 and 42,000 BTU’s 
respectively—that I am confident 
will help make history for the aif- 
conditioning industry. No compres 
sors of their size can deliver so many 
BTU’s. No compressors of theif 
BTU ratings were ever so small 
compact. And the happy result: Now 
the industry can design without com- 
promise for the home air-condition 
ing field! 
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about these three great new compressors” 


“For an example of what I mean, 
lok at the air conditioner market 
for 4-5 room houses. Until now com- 
pressors have been either too large 
too small. But with the new 
80,000, 36,000 and 42,000 BTU rated 
units you can give this mass market 


lust what it wants. 

‘Here are some reasons, over and 
beyond capacities, that help these 
NW compressors surpass anything 
now on the market. 

“One important reason is the sur- 
ising savings in space. And this 


smaller size is due to many factors. 
Better design is one. The high-speed 
motors are another because they 
allow use of smaller pistons with cor- 
responding reductions in the sizes of 
the crankcases. 

“The way vibration is reduced is 
really important too. 

“Prices? I can assure you, as 
startling as it may seem, that these 
great new Bendix-Westinghouse 
compressors are priced lower than 
any other of similar capacity now 
on the market. In fact, prices are 


reduced as much as 25%. 

“And they’re really compact! 
Width, for example, is reduced 25%; 
weight 40%. 

‘**We look upon these compressors 
as most significant engineering con- 
tributions to the industry. 

“If you design, manufacture or 
sell air-conditioning units, you will 
want further information on how 
these new compressors, with capac- 
ities never before available in such 
compact size, open up whole new 
markets for your products.” 


x % 
EVANSVILLE, INDIANA 


A Division of Bendix- Westinghouse Automotive Air Brake Company, Elyria, Ohio * Export Sales: Bendix International, 205 E. 42nd St., New York 17 N. Y. 
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Onan 


ENGINE 
COMPRESSORS 


for mobile refrigeration 
and air conditioning 


Pe 











1 ton cap., 4.1 H.P., 
F-12 refrigerant. 









2 tons cap., 6.25 
H.P., F-22 refrigerant. 


5 tons cap., 12.9 
H.P., F-22 refrigerant. 


Built as integrated in-line units 
with Onan engines direct-con- 
nected to Onan compressors. 
Compact, permanently-aligned 
and smooth-running. No trouble- 
some belts, couplings or sheaves. 
Optional accessories: batteries, 
starters, generators, and fans. 
Onan 4-cycle engines, built for 
continuous duty and long life, 
operate on either gasoline or 
Propane. World-wide parts and 


service organization. 
Write for complete 


nan engineering data 


D. W. ONAN & SONS INC. 


3421 Univ. Ave. S.E. . Minneapolis 14, Minn. 
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PSYCHROMETRIC CHARTS——Wile 





(Continued from page 77) 
Nomographs — The nomograph, or 
alignment chart, is a useful method 
for presenting a complex of several 
variables and has naturally been 
applied to psychrometry. This type 
of chart is suitable only for pre- 
senting properties at a state point 
and not for graphical solution of 
an air treating or mixing problem. 

Noteworthy among the nomo- 
graphs are the Bureau of Standards 
charts published in 1935?° showing 
properties of moist air over a wide 
range of temperature and pressure. 
Nomographs have also been pre- 
pared from time to time by indi- 
viduals; an excellent example is a 
chart prepared by T. R. Simonson 
of San Francisco. 


CONCLUSIONS 
The general arrangement of prin- 
cipal coordinates now appears to 
be well established on charts in 
general use by the refrigerating 
and air conditioning industry, this 
arrangement being exemplified by 
both the ASHAE and ASRE charts. 
There appears little doubt that the 
basic coordinates should be mois- 
ture content and enthalpy (ASHAE 
chart) rather than moisture content 
and dry bulb temperature (ASRE 
chart). The enthalpy coordinate 
may be rotated to bring the dry 
bulb lines substantially vertical, 
thus the selection of enthalpy in 
preference to dry bulb as one of 
the basic coordinates does not 


—— 


change the general chart arrange 
ment. 

Use of enthalpy as one of the 
coordinates does not require that 
the enthalpy lines appear on the 


finished chart. The fact that the 


enthalpy and the wet bulb ling 
are so nearly parallel causes con 
fusion if they are both shown. 4 
practical solution is to omit the en 
thalpy lines in favor of enthalpy 
deviation contours and a scale of 
enthalpy at saturation. 

Relative humidity is so well 
established in the refrigerating and 
air conditioning industry that its 
exclusion, at this time, would ren- 
der any chart impractical. The use 
of both relative humidity and de 
gree of saturation causes unneces 
sary complication. Since degree of 
saturation can easily be calculated 
by the division of two moisture 
contents, it appears desirable to 
omit this latter function from the 
chart. 

The size of a psychrometrie 
chart has considerable bearing on 
its practical usage. When too small 
it cannot be read with adequate 
accuracy, and when too large it be- 
comes cumbersome to use and the 
necessity for multiple folding fur 
ther detracts from its convenience. 
Many charts in use for the solution 
of refrigerating and air condition 
ing problems, printed letter siz 
(8% x 11), are readable to an ac 
curacy that is consistent with the 
operating data for such systems. 
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BULLETINS 


(Continued from page 97) 








ylene, hydrogen and carbon dioxide, 
as well as the rare gases, are given in 
this survey of how each gas is made, 
delivered and used. One section of 
the booklet (ADC892) is devoted to 
the various systems for either gaseous 
or liquid delivery and storage. Cov- 
ered are cylinders, bulk delivery and 
trailer bulk delivery units, and liquid 
station systems. There is also a con- 
version data table and a table on the 
physical properties of the various 
ases. 

Air Reduction Company, Inc., 150 E. 
42nd St., New York 17, N. Y. 


Purifiers. Solution of many gas, air, 
steam and vapor entrainment prob- 
lems is offered in Catalog 803, by pic- 
turing and describing the specifica- 
tion and operations of purifiers, sepa- 
arators, mist extractors and scrubbers. 
Thirteen Hi-eF purifiers are cata- 
logued, including line tvpes for en- 
trainment removal service in large 
pipelines, receiver types designed for 
extremely large slugs of liquid, high 
pressure types capable of withstand- 
ing pressures up to 15,000 psi, ex- 
haust heads for cleaning exhaust gases 
and vapors discharged to atmosphere, 
internal types for evaporator and 
boiler service and small line types for 
keeping moisture and dirt from dam- 
aging expensive pneumatic and steam 
tools. 

V. D. Anderson Company, Div of In- 
temational Basic Economy Corpora- 
a 1935 W. 96th St., Cleveland 2, 

0. 


Steam Specialties. Composite product 
Bulletin 203, 12 pages, gives dimen- 
sions, capacities, patterns, weights 
and accessories of this line of valves, 
thermostatic traps, float and thermo- 
static traps, steam traps and pipe line 
strainers. 

American Air Filter Company, Inc., 
215 Central Ave., Louisville 8, Ky. 


Multi-room Temperature Control. Stat- 
ing axiomatically that the best way to 
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maintain individual room tempera- 
tures under widely varying heating 
and cooling loads is to have the source 
of heating and cooling always availa- 
ble in each conditioned space, Cata- 
logue EM59-2114 explains the Three 
Pipe Induction Unit System, utilizing 
this principle. Illustrations, diagrams 
and cost comparisons accompany the 
text. 

York Corporaton, Div. of Borg-Warner 
Corporation, York, Pa. 


Temperature Controls. Eight-page 
condensed Catalog CC covers tem- 
perature controls and allied equip- 
ment for industrial heating and re- 
frigeration. The hermetically sealed 
Thermal Element, at the base of all 
this manufacturer’s instruments, is ex- 
plained. Indicating and non-indicating 
controls, process timers and limit con- 
trols for use in levels from —30 to 
1100 F are described. 

Partlow Corporation, 520 Campion 
Rd., New Hartford, N.Y. 


Close-Coupled Pumps. Dimensions of 
small centrifugal pumps for air con- 
ditioning systems, small cooling tower 
systems and other package equipment 
are outlined, and design and material 
data are given in Catalog D-101. 

C. H. Wheeler Manufacturing Com- 
pany, Pump Div, 19th and Lehigh 
Ave., Philadelphia 32, Pa. 


Standard Instrument and Control 
Panels. Details of construction, dimen- 
sions, weights, instrument mounting 
and accessories for six standard styles 
of instrument and control panels are 
in 16-page Product Specification 
G71-7. 

Bailey Meter Company, 1050 Ivanhoe 
Rd., Cleveland 10, Ohio. 


Vibration Recorder. Bulletin K12A 
describes the Vibrograph, a small, 
non-electric, hand-held instrument 
which makes a tape recording of ma- 
chine vibration amplitude. It enables 
taking of periodic readings of vibra- 
tion amplitude to provide information 
which may be translated into terms 
of bearing or cutting tool wear. 

Korfund Company, Inc., 48-15-53D 
32nd Place, Long Island City 1, N.Y. 


| 


A.M. (Air Movement) is a source 
of new and bigger problems for 
the air conditioning, heating, ven- 
tilating and refrigeration manu- 
facturer. However, we have an 
answer for one of your headaches 
—a reliable source for blower 
housings. DE-STA-CO offers you 
all these advantages: 


© Low unit cost. Our standard 
high production dies (no tool- 
ing cost) are ready to turn out 
any large or small quantity. 
© Complete assemblies or parts, 
Our method assures low costs 
either way. 
Broad range. For wheels 314” 
to 95%.” diameter, all widths. 
» Fast delivery. Many in stock, 
both parts and assemblies. 
Adaptations often practical. 
Foryour special purpose hous- 
ing consult us on a variation 
of a DE-STA-CO Standard 
and SAVE! 


Write for literature and 
prints or send us your draw- 
ings and quantity needed. 


E> 


@ ® 





Serving air conditioning, refrigerating, 








heating and ventilating industries for 40 years 
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AMMONIA VALVES 
AND ACCESSORIES 


Now available in a complete size 
range — flanged globe and angle valves 
with forged steel flanges in F. P. T., 
socket-weld and welding neck types. 
Other Henry products include globe 
and angle shut-off valves; ASME 
approved relief valves; dual relief 
valve assemblies; forged steel flanges, 
unions and fittings. . 
Write for Current Literature and Price Sheets: (~~ 


Cat. No. 202— Ammonia Valves and Accessories (4 
Cat. No. 73—Drop Forged Carbon Steel Fittings, = 
Unions and Flanged Unions ee 


HENRY VALVE COMPANY | 


3215 North Avenue, Melrose Park, Illinois (Chicago Suburb) 
' Cable: HEVALCO, Melrose Park, Illinois fq 
VALVES AND ACCESSORIES FOR REFRIGERATION AND INDUSTRIAL APPLICATIONS 
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TEMPERATURE LIMITED 


BURLINGTON RD LONDON SW6 ENGLAND ' 
Phone: RENown 5813 (P.8.X.) Cables: TEMTUR LONDON 

LARGEST PRODUCER OF 
AIR CONDITIONING UNITS 
OUTSIDE THE U.S.A. 
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ASHRAE AT LAKE PLACID 


(Continued from page 59) 





tails of the design of specific installations, we 
outlined by P. J. Marschall, Abbott Labor 
tories. Ventilation in the steel industry 
the topic of F. E. Tucker, Weirton Steel Co 
pany, who gave a detailed description of 
small steel company’s heating and ventilati 
systems. W. G. Hazard, Owens-Illinois, point 
out methods of measuring radiated heat, ho 
to evaluate it comfort wise, and how to contr 

“The rapid increase in use of liquef 
gases for industrial, defense and space pro 
purposes has necessitated a scientific and en 
neering approach to the production and ha 
dling of a variety of cryogenic fluids,” V- 
Johnson, Cryogenics Engineering Laborato 
Presiding Chairman at the Cryogenics Conf 
ence, stated. The more popular aspects of ha 
dling cryogenic fluids of specific interest } 
ASHRAE members were discussed at the Co 
ference — pumping, transferring, storing, 0 
measurement, liquid level detection, pressuf 
drop, temperature measurement and _ the d 
sign features of pertinent equipment. 

R. B. Jacobs of the Cryogenic Engineerit 
Laboratory discussed present status of equi 
ment and techniques for the transfer of ery 
genic fluids through piping systems, and suf 
marized several calculation procedures. 
vantages and disadvantages of using cryogeml 
fuels and oxidizers, cited by L. J. Schafer, J 
Pesco Products, Div of Borg Warner Ce | 
led to a discussion of mechanical and hydraul 
design considerations for cryogenic pump 
C. Gettelman, Lewis Research Center, N.A.S.A: 


explained how the requirements of the instru- 


mentation vary with several factors. 

Highly informal, “off the record” discus 
sions with no prepared papers, the Forums at 
this meeting proved to be of great interest t0 
members. Six diversified subjects, selected on 
the basis of popular interest expressed from 
various sources, were covered as follows—Status 
of New Utilization Voltage Proposals for Air 
Conditioning Equipment, with A. S. Anderson, 
Ebasco Services, as Moderator; Icemaker De 
sign Considerations, Moderator, E. MacLeod, 
Carrier Corporation; Research, the Engineet, 
and the Appliance Industry, E. A. Baillif, Whitl- 
pool Corp., Moderator; Immersion Chilling of 
Poultry, moderating was E. N. Kerrigan, York 
Corporation; Sound and Vibration Problems 
Air Delivery Equipment, J. B. Graham, Moder 
tor, Buffalo Forge Co.; and Freeze Protectiot 
of Heating Coils, Earl Wilson, Moderator, Ab- 
bott Laboratories. 
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BEFORE YOU BUY, THINK: 


Will your air-cooled condensers sound like thunder? 


Not even from close up 
if they're by Halstead & Mitchell 


Fan noise, vibration and rattling have been engineered out 
of H&M air-cooled condensers. Deep pitch fans are run at 
slow speeds. Casings are rugged; won’t loosen with use. 


H&M condensers are completely dependable. The large 
coil and exclusive Turbu-Flo fins improve heat transfer by 
up to 15%. Fins are spaced widely to avoid clogging by dirt 
and other air-borne particles. 


Winter operation is easy, too, with H&M’s special modu- 
lating valve. Halstead & Mitchell air-cooled condensers are 
available in propeller fan or blower models. Multiple cir- 
cuiting at no extra cost. Ask your local distributor for com- 
plete information, or write to Halstead & Mitchell, Bessemer 
Building, Pittsburgh 22, Pa. 


Water-Cooled Condensers - Cooling Towers - Air-Cooled Condensers - Finned Coil Products 


Ha 


H&M AIR-COOLED 
CONDENSER 


(a 
1 aa 








You don’t have to clean out scale like this... 












CALGON ECONOMY 
POWDERED ACID IS SAFE! 


Specially formulated for safe, low-cost cleaning of cooling 
water systems. When economy and safety are prime con- 
siderations, get Calgon Economy Powdered Acid from your 
Refrigeration Wholesaler. 


CA LG ON COMPANY 


DIVISION OF HAGAN CHEMICALS & CONTROLS, INC 





HAGAN BUILDING, PITTSBURGH 30, PA. 


in Canada: Hagan Corporation (Canada) Limited, Toronto 


New ANEMOTHERM 
AIR METER gives you 









Air Velocity 
Air Temperature 
Static Pressure 


The new model 60 Anemotherm Air Meter helps you 
balance heating, ventilating and air conditioning sys- 
tems the modern pushbutton way. It puts air velocity, 
air temperature and static pressure at your fingertips 
... pays for itself through time saved on only one 
major job. e Write for Bulletin 55 giving all 
essential data. 


AC 13388 


ANEMOSTAT CORPORATION OF AMERICA 


10 EAST 39th STREET, NEW YORK 16, N. Y. 
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Applications 





LARGE WATER CHILLER 


Two identical water chilling vessels will be used to 
air condition the 60-story Chase Manhattan Building 
in New York City. One of these units, as illustrated 
in the background, is 5% times the capacity of the 
normal assembly for the Canadian Bank of Commerce, 
in the foreground. 





Each of the large vessels weighs about 30 ton, 
and has a cooling capacity of 3550 ton. Nearly 18,000 
gpm of water will pass through the cooler and con- 
denser shells of each unit when operating. The coolers 
will work alongside a smaller chiller on the 11th and 
3lst floor of the new bank building. Total capacity 
of the four machines will equal 9140 ton. 


AUTOMATIC ICE CREAM 
PROCESSING 


Pumps covered with a thick layer of ice and frost 
circulate brine through the shell and tube brine cooler 
which supplies refrigeration to four Gram machines, 
automatic ice cream processing units, at the Good 
Humor Corporation’s Brooklyn plant. 

Four self-priming Deming Company centrifugal 
pumps operate 24 hours a day and have a total ca- 
pacity of 1000 gpm. Outside the building there is a 
large turbine pump which supplies cooling water for 
the ammonia condensers, ice cream mix, and water 
for other cooler and compressor water jackets. 


EXPANSION TOTALS 16,677 TON 


Rockefeller Center's integrated air conditioning sys- 
tem will be expanded with the addition of a 1500-ton 
capacity centrifugal refrigeration machine. The Car- 
rier Corporation unit will increase the Center's system 
capacity to 16,677 ton. When it is installed next to 
two centrifugals in a sub-basement, the water chillers 
will be part of a 7900-ton, eight-machine system that 
furnishes cooling for use in air conditioning large 
spaces in the 15-building project. 
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The ASHRAE JOURNAL 


Pacemaker of Progress 












for further information—write to R. T. Biedler, Advertising Manager 


E'S 


The ASHRAE JOURNAL, first with the facts, 
offers you visible value. It presents 
genuine performance. 


This professional publication, written with 
authority and read with conviction... 
stands out and stands in with those in the 
know...Society members...men of 
decision who specify and purchase 
components and complete systems. 


Every month, there appears in the pages 

of the ASHRAE JOURNAL, articles of major 
importance by engineer-members. These 
pace the progress of the field and give a 
forward pitch to everything that appears 
in this publication. 


Here is your strategic entree to the 
Billion Dollar market of: Heating, 
Refrigerating, Air-Conditioning, Ventilating. 


Circulation is exclusive/all-inclusive: 12,029 
ASHAE members plus ABC circulation of 
“Refrigerating Engineering,” including 
“Air-Conditioning” of 10,466. Total: 

22,495 Class A audience. 


Here is premium circulation available without 
a premium—a real bonus for your 1959 
advertising dollar! 


ISON: 


HEATING 
REFRIGERATING 
AIR-CONDITIONING 
VENTILATING 





AMERICAN SOCIETY OF HEATING REFRIGERATING AND AIR-CONDITIONING ENGINEERS 


62 WortTH STREET, New York 13, New York 
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7 maRMAN ATT L 


Joins Ducts Quickly, Easily 






Using the Marman Ventiduct 
Coupling, sheet metal ducts 
can be installed easily, with- 
out welding or riveting joints. 
Simply roll 90° flanges on duct 
ends and attach stainless steel 
retainer with a single bolt. 
Removes quickly for inspec- 
tion or cleaning, yet forms 
strong, long-lasting joint. 
Segmented to fit all ducting 
diameters from 3” to 36”. 





Ventiduct Coupling is strong 


enough to eliminate need for 
extra supports. 


6530 Ventiduct Coupling 


Ventiduct is an Aeroquip Trademark 


TTL DIVISION 

ew\eroquip/Corporation 
INDUSTRIAL SALES DEPARTMENT 

11214 EXPOSITION BLVD., LOS ANGELES, CALIFORNIA 


IN CANADA: AEROQUIP (CANADA) LTD., TORGNTO 19, ONTARIO 
Marman Products are Covered by U.S. and Foreign Patents and Other Patents Pending 














Use Harry Alter’s Famous 


DEPENDABOOK 


@ Air Conditioning 
@ Refrigeration 
@ Electric Motors 





\ 
pew New ue" yew! ot 
come 932, 08 git 
git? gorre™ e ore” 
Save money ... time... effort. . . order everything you 


need from the most complete catalog of all. Over 10,000 
items carried in stock! Your orders filled with speed and care. 
WHOLESALE ONLY! We sell you . . . not your customers. 


yHarruy/ Alters) The FLYER lists 


SURPLUS BARGAIN hundreds of thousands 


of dollars worth of 
surplus stocks, overruns, 
closeouts, etc.,at a fraction 
of your regular cost. 


Write on your letterhead for the new DEPENDABOOK and BARGAIN FLYER. 
Order by mail or pick up from our nearest warehouse. 








THE HARRY ALTER CO., INC. 


1717 S. Wabash Ave. 
Chicago 16, Ill. 


2332 Irving Blvd. 
Dallas 7, Tex. 


695 Stewart Ave., S.W. 
Atlanta 10, Ga. 


COUNTER SERVICE 





134 Lafayette St. 
New York 13, N.Y. 


PARKING — FA’ST 





FREE 
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MULTIPLE ZONE AIR UNITS 
MEET STRICT REQUIREMENTS 


Delivering a total of 76,000 cfm of cooled and filtered 
air to maintain a db temperature of 80 F at 50% rh, 
four Westinghouse Electric Corporation multizone 
air distributing units have been installed with two air 
conditioners in a spectograph laboratory and an IBM 
room of the Mallory-Sharon Titanium Corporation, 

To keep the air in the spectograph laboratory, 
which has a cooling requirement of 97,000 Btu/hr, 
at constant temperature and moisture content of 
72 F and 50% rh, one type of Unitaire conditioning 
units with electric reheat coils and hot water humidi- 
fier was installed. Another Unitaire system was in- 
stalled in the IBM room, a space with strict air re. 
quirements of 73F and 45% rh. The cooling load 
here is 200,000 Btu/hr. 

The multizone units also comfort-condition the 
other areas of the two-story building in Niles, Ohio, 


MISSILE DETECTION TRAILERS 
USE LOW VELOCITY AIR 


Operators and sensitive electronic equipment in the 
close quarters of newly developed mobile radar vans 
designed to detect enemy missiles are cooled by use 
of a low velocity air diffusion panel. 

As the van ceiling is only 3 in. above the head of 
the average operator, the diffusion space is limited 
to a narrow central “corridor.” The air diffusers con- 
sist of panels with perforated distribution plates 
which, by means of a pressure displacement valve, 
slow down the speed of the cool air and diffuse it 
evenly throughout the air conditioned area. 

One to two panels, each with six valves, are 
mounted in the ceiling of the Army electronic trailers. 
The air is brought to the panels from the cooling 
source through the plenum above the van ceiling. 

Ground Systems Group, Hugh Aircraft Company, 
Fullerton, Calif., solved the mobile unit problem with 
Multi-Vent, panels of the Pyle-National Company. 


AUTOMATIC REFRIGERATION 
IN FROZEN FOODS WAREHOUSE 


Compressor equipment consisting of two York 9 x 9 
VSA reciprocating units on high stage and two FES- 
Fuller rotary compressors on low or booster stage 
maintains a —8F cold room temperature to within 
one deg of variation in Central Warehouse Corpora- 
tion’s new frozen foods warehouse in Albany, N.Y. 
Total capacity of the system is 100 ton of refrigera- 
tion with all four units in operation. For smaller loads, 
the units are set up to operate alternately, capacity 
being regulated automatically according to demand 
by means of controls sensing changes in pressure. 
Long suction gas lines and low design tempera- 
tures common to the frozen food industry cause higher 
suction gas temperatures and lower pressure than in 
other refrigeration applications, tending to reduce the 
capacity of the system and increase the hp per ton 
of refrigeration required. Design of a rotary com- 
pressor suits it for operation at low suction pressures 
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where gas volume per lb of refrigerant handled is 


high. The high stage reciprocating compressor is | 


especially adaptable for refrigeration gas pumping at 
high pressure differences across the machine. Com- 
c 


bination of the two types of compressors gives the | 


most efficient arrangement of compression equipment 
for this situation. 

An automatic detection system signals the exist- 
ence of four unfavorable conditions in the plant: low 


water to condensers, rising storage room temperatures, | 


excessive ammonia pressure in condensers, and liquid 


ammonia at the compressors. Any one of these condi- | 


tions will impulse the system and an engineer will be 
dispatched to the plant. 

During the intermediate season between fall and 
winter, the evaporative condensers are arranged to 
operate dry when the outside air temperature is 40 F 
or below. An air sensing thermostat cycles the evapo- 
rative condenser water pumps. At the start of the 
winter season, the operating engineers drains the 
water from the evaporative condenser and it operates 
dry continuously. 


VACUUM DEPOSITION CYCLES CUT 
BY MOISTURE-TRAPPING 


In finishing by vacuum plating, removal of moisture 
has been found by Eastman Kodak Company sub- 
stantially to reduce normal metallizing cycles. Results 
were obtained by incorporating a mechanically- 
refrigerated cold trap in one of the two 48-in. vacuum 
coaters used to metallize cellulose acetate-butyrate 
reflectors for all of Kodak’s flash holders. 


Presence of moisture in the atmosphere causes | 
excessively long pump-down cycles, the difficulty | 


arising from the extra pumping load imposed on the 
diffusion pumps by the water vapor. The traps cir- 


cumvent this by producing temperatures low enough 


to condense the water vapor to ice before it reaches 
the diffusion pumps, during the fine pumping portion 
of the coating cycle. 


The moisture-trap consists of a cooling coil built | 
into the high vacuum system. A low-temperature com- | 
pressor supplies refrigerant to the coil to maintain its | 


surface temperature below —100F. The coil is de- | 


signed so that no heat is radiated to it from the 
tungsten filaments inside the chamber during firing, 


elimivating danger of pressure-burst created by | 


vaporizing ice. 


REFRIGERATING SYSTEM 
FOR TEST MODULE 


Erected recently at the Bendix Aviation plant in 
South Bend, Ind., was a test module for experimenting 


with equipment used to handle aircraft fuels. Due to | 


the constant recirculation of air and fuels, with 
resultant production of heat, refrigeration was re- 
quired for chilling large quantities of water to tem- 
peratures between 45 and 55 F. 

Arranged in groups of two, 12 Frick compressors 
were installed, each group having a capacity of 100 
ton of refrigeration. Refrigerant-12 is used in a 
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 .. flexible modular 


construction; two bearings, 
lifetime lubricated; all 
panels removable; center 


hub rotors!...’'* 


* ‘'..,and packed with many more facts in a just-printed, 
48-page catalogue about what D-H now offers you in its 
popular 30-model central station air conditioning units 
(horizontal and vertical). Handy time-saver fan per- 
formance curves included, too!"" Contact direct for 
Engineering Manual No. CSHV 312, and name of 
Manufacturer's Agent nearest you. Send for yours. 
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DIVISION NATIONAL U.S. RADIATOR CORP 


3301 MEDFORD ST., LOS ANGELES 63, CALIF. 
CABLE: CLICONI, LOS ANGELES 
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LLECTIC 


HOT WATER. 
HEAT 


© 40,948 B.T.U. to 
2,000,000 B.T.U. Out- 
put. 





© All units meet the re- 
quirements of the 
ASME Boiler and Pres- 
sure Vessel Code. 


> 
PRECISION Foctnie HOT WATER HEATING BOILER 


¢ Complete unit ready for installation with cir- 
culating hot water system and water chiller for 
year-round air-conditioning. 

® Conversion easily accomplished where other 
type fuels now used. Suited for homes, churches, 
apartments, hotels, motels, hospitals, commercial 
buildings, swimming pools, snow melting and do- 
mestic hot water. Temperature Range 60 to 200 
degrees. 

e Every unit tested and inspected. 

Write for color brochure and prices. 


‘CISION parts corporation 
400- ASJ North Ist. Street 


\ Nashville 7, Tennessee 





No ducts! No noise! No chimney! No odors! No flame! 


TYPE 701 
3-WAY SOLENOID VALVE 


for flow ‘oan 
of hot 
or chilled 








fan-coil units 
This New addition to the J-E Line provides- 


@ Economical temperature control. 
@ Separable solder flange 
for easy installation. 
@ One size for Y2 to 10 gpm 
for simple selection 
Write for information bulletin today. 


Controls Division 


JACKES-EVANS MANUFACTURING CO, 
4427 Geraldine Ave., St. Louis 15, Mo. 
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straight compression system, under automatic control, | 
the water chillers being of the shell-and-tube type, 
Each of the compressors has 6 cylinders. ‘ 

In cold weather, the cooling tower, which pro- 
vides condensing water for the refrigerating system, 
is able to carry the refrigerating load without the use 
of the compressors. 


3000 TON COOLING 
GOES TO I5TH FLOOR 


Lack of a basement in which to place the equipment 
necessary for a central air conditioning system by 
Con Edison Steam, first step in the modernization of 
the 34-story New York General Building at 230 Park 
Avenue, required the erection of a penthouse on the 
15th floor setback to house two 1500 ton steam turbo- 
compressors, cooling tower and associated equipment. 

Designed to deliver over one million cu ft of air 
per min, the system will effect a complete change of 
air every ten minutes. Cooling is provided by the 
3000 ton steam turbo-compressor installation, which 
has an equivalent refrigerating capacity of 3000 ton, 
of ice per day. 

To efficiently air condition all areas of the build.) 
ing, a high velocity induction system serves the7 
peripher ral am areas, while interior areas are sup- 
plied through a low velocity system utilizing ceiling 
diffusers. Four zones are needed to gain maximum 
efficiency in the vast area of the interior floor space 
on the 2nd to 15th floors. 
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POSITIVE SEALING INDICATORS 


your sign of DEPENDABILITY and QUALITY 
USE IT WITH CONFIDENCE 


teed to 500 psi. @ Precision — 
made. 
be IMlustrated: 200 
‘ i Y “- 
USED BY LEADING MANUFACTURERS ie 4. & 
ON ORIGINAL EQUIPMENT — male flare 





ALLIN MANUFACTURING CO. 


410 N. Hermitage Ave. Chicago 22, Illino 
MS” Over $1,000,000 Liquid Eyes Sold to Dote 
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